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NOR-STATINE AND NOR-CYCLQSTATINE P OLYPEPTIDES - " 

^rZ^!t S t0 n ° Ve ' n ° r - Statine ^ containing po.ypeptides usefu, and 

secrlted^^^ * ^0.000. is produced in and 

• Plasma glycoprotein angieloS in of ^nS^^ 

.eucine (10th) and vaiine (11th) amino acid residues at ^^23^^25^ ^ 

Asp-Arg-Val-Tyr-Ile-His-Pro-Pha-His-Leu-Val- 
70 1 2 3 4 5 6 7 8 S 10 n 

Ile-His-Ser-GIu- 

12 13 14 15 



is 



20 



25 



30 



to be a potent pressor mJ^^^S^^c^^y^ "Angiotensin II is known 
pressure and is believed to act bv^usino S ™, P < u ° mdUC ' n9 a si 9 nifi «<nt increase in blood 
retaining hormone -dS^^Z^^SLf ^ r ^ and retease ° f * he «•»»- 

imp, on a rmr Tf ve factor in has been 

the aXiSalo* T:tS^^^^£^r ^ ^SSS^n system * 
number of such substances are kn^w^ action of A 

phospholipid compounds. European ZerT^XliTNTAS^lll' fTST ^ nM y-°cairring 
series of renin-inhibiting polypeptide cie^TXeior^ 2 ' 1982) disC,0ses * 

X-Y-Pro-Phe-His-A-B-Z-W 

in which X may be hydrogen or an amino-protecting group, Y mav be ab*«nt r i. .• u-,- 

res-due. 2 is an aromatic amino acid residue. W may be hydVoxyTanc I A may tie i at° P ^ "* 



p 1 «2 

f S O 

-HH-CH-CH-CH 2 -CH—C- 

OH 
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lysine. H 1 e,wier * or z co "'d be stabne or that B could be 

European Patent Application No. 77.028A (published Aoril 20 iq>™ h^. 
mh.biting polypeptide compounds having a non-terminah SatinTo S«„l f } - f 865 8 S6rieS 0f renin " 
this series are compounds having a phenyialanineSl^ne s^ence " ^ ' nC,Uded Within 

European Patent Application 132.304A also discloses the umTJTSL. > ■ ■ 
renin-inhibiting antihypertensive agents, and European K L? J? ? * ® conta,n,n 9 Polypeptides as 
conning cyc.ostatine. useful as rLninh^^^ 1 14 ' 933A Po'VP^des 

The novel peptides of the present invention are of the formulae 
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(I) 

end 




(II) 

and a pharmaceutical^ acceptable salt thereof, wherein 2 is Ri-(Y) m -<A) p> where Ri is (d-Cdalkyl, amino. 
(Ci-C4)alkoxy. (Ci-C4)alkylamino. (CrC3)alkoxy(C2-C4)alkyleneamino. carboxy (CrC4)alkyl, hydroxy(GrCi)- 
alkyleneamino, (Ci-C3)alkoxyCOCH 2 N(CH 3 ), amino(Ci-C 5 )alkyl. morpholino. piperidyl. hydroxypiperidino, +• 
oxopiperidino. piperazino, 4-oxopiperidinoethylene ketal 4-(CrC 3 )alkylpiperaz!no. thiomorpholino, thiomor- 
pholino 1 -oxide. thiomorpholino 1.1 -dioxide, N-(Ci-C4)alkoxycarbonylpiperidyl. 4-{CrC»}- 
alkoxycarbonylpiperazino, 3-oxomorpholino. 3.5-dioxomorpholino, hydroxypyridyl. pyridyl. (s)-pyrrolid-2-yl 
N-t -butoxycarbonyHs)-pyrrolid-2-yl. 2-(Ci-C 3 )alkoxycarbonyl-(s)-pyrrolid-2-yl or 4-(C,-C4)alkanoylpiperazino! 
Y is C = O t P(OCH 3 ) = 0 or S0 2 ; A is NH. NCH 3 or O; m and £ are each integers of 0 or 1; M is phenyl." 
naphthyl. benzyl, thienyl. methoxyphenyl. hydroxyphenyl. chlorophenyl or (Ce-C7)cycloalkyl; Q is methyl or 
hydrogen; R 2 is (Ci-C5)alkyl. (d-C 3 )alkylthio(Ci-C 2 )alkyl. <C,-C 3 )alkoxy(Ci-C 2 )alkyl, benzyloxy(Ci-C 2 )alkyl ben- 
zyl. hydroxy(Ci-C 2 )alkyl. carboxy(Ci-C 2 )alkyl. guanido(C,-C 3 )alkyl. (Ci-C 3 )alkylsulfinyl(Ci-C 2 )alkyl. (Cr&y 
alkylsulfonyl(Ci-C 2 )alkyl. 4-benzyloxycarbonylaminobutyl. 4-aminobutyl. imidazol-4-ylmethyl N-t - 
butoxycarbonylimidazol-4-ylmethyl or carbamyl(Ci-C 2 )alkyl; X is cyclohexyl. i-propyl or phenyl- W is 
CH|||OCO(Ci-C 3 )alkylpiperidino. CH|||OH. (Ci-C 3 )alkyldi(Ci-C 2 )alkylamino. C = 6, CH|||N 3 CH 1^N 3 
CH -^NH 2 . CH|||NH 2 . C(CH 3 )|||OH. C(CH 3 ) -^OH. CH|||OCO(C,-C 2 )alkyl or CH|||OCO(C,-C 2 )alkylene 
C0 2 H; Z 1 is CHzOH or R-S-T where R is C = 0, S is O. NH. N(CH 3 ). CH 2 or a chemical bond linking R and T 
T is (Ci-Cs)alkyl. hydroxy(CrC4)alkyl. CONH-(Ci-C4)alkyl, hydrogen, trifluoroethyl. (Ce-C7)cycloalkyl. (CrC 7 )- 
cycloalkylmethyl, phenyl, benzyl. amino(CrCs)alkyl. 0-(C,-C 2 )alkyl hydroxylamino, morpholino. 4-(CrC 2 )- 
alkylpiperazino or omega-dKCi^alkylaminofCs-CsJalkyl; L is CH or N; R 5 is imidazol-4-ylmethyl or (CrCsh 
alkyl; and R 6 is (Ci-C4)alkoxy or (Ci-C4)alkylamino with the provisos that when m is 0. p is 0- when A is 0 Y 
is C = 0; when T is CONH-(Ci-C4)alkyl, S is NH. N(CH 3 ) or CH 2 ; and when T is (C2-C5)alkylamino. 0-(CrC 2 )- 
alkyl hydroxylamino. morpholino or 4-(Ci-C 2 )alkylpiperazino. S is CH 2 or a chemical bond linking R and T. 

A preferred group of compounds are those of formula I. wherein Y is C = 0, A is NH. Q is hydrogen X 
is cyclohexyl. w is CH|||OH. R is C = 0, T is benzyl or (Ci-C5)alkyl and m and E are each 1. Especially 
preferred within this group are compounds where Ri is morpholino. M is phenyl, S is O and R 2 is n-propyl 
and T is i-propyl, where R 2 is CH 3 SCH r and T is i-propyl. where R 2 is n -butyl and T is methyl, where R 2 is 
HOCH 2 and T is i -propyl, where R 2 is CH 3 0(CH 2 ) 2 -ahd T is i -propyl, where R 2 is CHsSCHz-and T is benzyl 
where R 2 is methyl and T is [-propyl, where Ffc is n-butyl and T is i-propyl. where R 2 is CH 3 OCH 2 and T is i- 
propyl and where R 2 is CH 3 OCHz-and T is i-propyl. Also especially preferred within this group are 
compounds M is phenyl. S is 0. T is i-propyl. R 2 is CHsSChfe-and Ri is pyrrolidyl. 4-pyridyl. piperazino or 4- 
hydroxypiperidino. Also especially preferred within this group are those compounds where R, is morpholino 
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ChIsch",!;^ T 8 2? r^u? d A , ! nkin9 " T R? iS ^ butyl and T is CH 2 CH(CH3) 2 . and where R 2 is 
21 a " I ' S CH 2 CH(CH3), Also especially preferred within this group are compounds where Rl i s 

rfcH SPH a nH ? ,' S ^'t" 1 "' R2 iS CH3SCH2 3nd T iS where M is 4-hydroxyphenyl. 

ZlSZ! 3S0H r an i 1 's I-Propyl and where M is 4-methoxyphenyl, R 2 is n-butyl and T is methyl Also 

snsrirss. ,n group is the compound where Ri is morphoiin °- * is phenyi - Rs is s '° 

R and C= £ ^ * ^ ' " h " M iS ^ S " 3 bon « 

The present invention also includes a method for treating hypertension in a mamma! which comprised 
adm.n.stenng to said mamma, an antihypertensive effective amount of the compounds ^1 
invention and a pharmaceutical composition comprised of the compounds of the ^1^*31 



As previously mdicated. the present invention embraces pharmaceutical^ acceptable salts of the 
bBkw«ny acfve compounds. Such salts are those which are non-toxic at the dosages administered Since 
is compounds o the mvention may .contain basic groups, acid addition salts are possible PharmaclticaSv 
aC,d H additi °" S3,tS inC,Ufc,e ^ the ^rochbride. hydrobromide. hydroiodide 

2S£T • , P - SP ' aCetat6, ' aCtate ' maleate ' meSylate ' fumarate - ci trate. ^id citrate. teS 
bitartrate. siccinate, gluconate and saccharate salts. rarrrate, 

or, ln ; he J nter ,! St ° f brevity ' the commonly accepted abbreviated name of the individual amino acids and 

Phe 9 H e rhomL? mP, r, d / here *" *° *™° acid Phenylalanine JS^SLTS 

Phe Hse as homosenne, h.st.d.ne as His. lysine as Lys. and norleucine as Nle. The amino protectino arouo 
-butoxycarbony. is abbreviated as Boc, benzyloxycarbonyl as CBZ and N-t-butoxZionTon if im 
Sood e iimid h e * 0th6r abbreviatio " S CPBA-chloroperbenL^ 

2S ch oride HBT DE ^ d d ' met h h y ,am ' no P r °Py | ^y. carbodiimide-HC. DMF dimethylformamide. HCI-hyc^ 

30 formulae n ° rStat ' ne n ° rCyC ' OStatine conteini "9 « *« carbon atom Jthe struTre a * of the 



~ and 
OH 




OH 



These structures are abbreviated as nor-Sta and nor-C-Sta. respectively 

45 ™ n f A " th ® nat " ral amino acid contained in the structures of the instantly claimed compounds are of th P I 
configurator the naturally occurring configuration, unless otherwise noted com P° unds « °* the L 

and l S r°r C ?? Sidered f P T °l thS Pr6Sent inVention are compounds of formulae I and II wherein nor-Sta 
and nor-C-Sta are replaced with nor-Statone and nor-C-Statone. wnerein nor bta 

The compound of this invention exhibit antihypertensive activity in vivo in mammal* mH„Hir.„ h. m 
so At least a substantial portion of this actvity resu.ts from their ^^t^Z^^S^J^ 

STe m^„ nm - ? "* Whh to be ™»* by *» fo,1 ° wi " a theory of ^32L itTSS 

Sh ^. , Sm ,° f the renin - inhibitin 9 activity of the compounds of the invention their selectfve 

binding (as compared to angiotensinogen) to renin. The compounds of the inventon exhib Z 
.nh.brtmg actvity that is selected for renin. Because of their low mo.ecula weX L ex t£££Z 
55 at a ^ Chara ? nStics in ac ' ueous media - ««■ making oral administration feasfb? and c J %£2£ 
to:*™™™"* ^ ^ ^ COmP ° UndS °< the - also 
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The compounds of the invention may be prepared by methods familiar to those skilled in the art. The 
basic sub-unit of the preferred chemical synthesis is the acylation of the unprotected alpha-amino group of 
an amino acid residue with an amino acid having an activated (for acylation purposes) carboxylic function 
and a suitable protecting group bonded to its own alpha-nitrogen to form a peptide bond between the two 
5 amino acid residues, followed by the removal of said protecting group. This synthesis sub-unit of coupling- 
deblocking is performed repeatedly to build up the polypeptide, starting from the C-terminal end as 
described herein. The amino acids utilized to synthesize the compounds of the present invention are 
commercially available (as free acids, salts or esters, etc.) in both alpha-amino protected and alpha-amino 
unprotected forms. 

to The activity of the compounds of the present invention as inhibitors of the angiotensinogen-cleaving 
- activity of renin may be determined by studying their ability to inhibit the angiotensinogen-cleaving activity 
of renin in vitro . 

The compounds of the present invention can be administered as antihypertensive agents by either the 
oral or parental routes of administration, with the former being preferred for reasons of patient convenience 
and comfort. In general, these antihypertensive compounds are normally administered orally in dosage, 
ranging from about 0.1 mg to about 20 mg per kg of body weight per day and 0.1 mg to about 5 mg per kg 
of body weight per day when given parenterally; variations will necessarily occur depending upon the 
condition of the subject being treated and the particular compound being administered. Typically, treatment 
is commenced at a low daily dosage and increased by the physician only if necessary. It is to be noted that 
these compounds may be administered in combination with pharmaceutical^ acceptable carriers by either 
of the routes previously indicated, and that such administration can be carried out in both single and 
multiple dosages. 

The novel compounds of the invention can be orally administered in a wide variety of different dosage 
forms, Le., they may be formulated with various pharmaceutical^ acceptable inert carrier in the form of 
tablets, capsules, lozenges, troches, hard candies, powders, sprays, aqueous suspensions, elixirs, syrups 
and the like. Such carriers included solid diluents or fillers, sterile aqueous media and various non-toxic 
organic solvents, eta. Moreover, such oral pharmaceutical formulations can be suitably sweetened and/or 
flavored by means of various agents of the type commonly employed for such purposes. In general, the 
compounds of this invention are present in such oral dosage forms at concentration levels ranging from 
30 about 0.5% to about 90% by weight of the total composition, in amounts which are sufficient to provide the 
desired unit dosages. 

For purposes of oral administration, tablets containing various excipients such as sodium citrate, 
calcium carbonate and calcium phosphate may be employed along with various disintegrants such as 
starch and preferably potato or tapioca starch, alginic acid and certain complex silicate, together with 
binding agents such as polyvinylpyrrolidone, sucrose, gelatin and acacia. Additionally, lubricating agents 
such as magnesium stearate. sodium lauryl sulfate and talc are compositions of a similar type may also be 
employed as fillers in soft and hard-filled gelatin capsules; included lactose or milk sugar as well as high 
molecular weight polyethylene glycols. When aqueous suspensions and/or elixirs are desired of oral 
administration, the essential active ingredient therein may be combined with various sweetening or flavoring 
agents, coloring matter or dyes and. if so desired, emulsifying and/or as water, ethanol, propylene glycol, 
glycerin and various like combinations thereof. 

The compounds of the present invention are also useful in the diagnosis of hypertension and congestive 
heart failure. 

The following examples illustrate the invention but are not to be construed as limiting the same. 
General Experimental 

High performance liquid chromatography (HPLC) was performed with the following conditions: 214 nm 
so detection, 4.6 x 250 mm Dupont Zorbax C-8 column at 1.5 ml/min. TLC systems are, where abbreviated, as 
follows: System A - ethyl acetate-hexane. respectively, in the ratio indicated, on silica; System B = ether- 
hexane. respectively, in the ratio indicated, on silica; System C = 18/2/1 HCCb-EtOH-HOAc on silica 
System D = 9:2:1 chloroform-ethanol-acetic acid. 
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A. N-Methyl-(S)-3-t-Boc-amino-4-cyclohexyl-(R)-2-hydroxybutyramW 

c 

«i f ) ; 3 ^^ oc ; amino - 4 -fy c,ohBX V | -( R )- 2 - h yd'-oxybutyric acid (100 mg), U.S. 4,599.198, was dissolved in 0 9 
mL tetrahydrofuran with 55 uL triethylamine and the mixture was treated at - 30»C with isobutvl * 
chloro ormate (45 uL). After 1.5 h the mixture was cooled to -60»C and 1.5 mL of a 1.6 M solution of - 
methylam,ne in tetrahydrofuran was added, and the mixture was brought to 25- C. Excess methylamine was 
bubbled m to the reaction mixture which was then diluted with 25 mL ether, extracted twice with a saturated 
^vl U T«; ™/!o?? ?;, drieC !: concentrated - Chromatography! in 2:1 ethyl acetate-hexane on silica 

and R^ HP?c mLV V^T??? ? S CO ' 0r,eSS SOHdl Rf °- 16 2:1 eth >" acetate-hexanes. silica, 
and RP-HPLC, 40/60 MeCN-pH 2.1 0.1 M phosphate, 3.32 min. 



B. N-Methyl-(S)-3-aminc-4-cyclohexyl-(R)-2-hydroxybutyramide 

at ZrT? J r0 ^ EXa !T Ple ' A (45 m9> WaS diSS0 ' Ved in 2 ml ^ hydf °9 en chloride-dioxane and stirred 
«> 2 L h ; * 7 a f concentrated and evaporated several times with ether giving 50 mg 

20 °f the trtle substance as a colorless solid, HPLC retention time 3.05 min., 40/60 MeCN-pH 7 0 01M 



25 



3D 



36 



C. BocPheHis(imBoc)nor-C-StaNHCH 3 



A solutoon of the product of Example IB (49 mg) in 0.5 mL dichloromethane was treated at 0-C with 30 
dtS?TT: h V BocPheHis < lmBoc >' U " S - 4 ^9.198. 48 mg of hydroxybenzotriazo.e and 46 mg^ 
d,cyc.phexy carbodum.de respectively, and the mixture was stirred at 0»C for 6 h. then allowed to warn? to 

mrLT^ t^T^Z ^ tHe PreCipitete Washed with ^Noromethane and the corned 

filtrates concentrated -and d.ssolved in ethyl acetate. After stirring a few minutes the ethyl acetate 
suspense was filtered, and the filtrate was washed with 1 N sodium hydroxide solution (twice dried 
magnes,um sulfate and concentrated. Chromatography o" silica elating with afhanJJSSmSS 
stepw.se .ncreased n polarity as foHows (1%. 2 o/ 0 . 4%, 6%, and 10% ethanol) gave 57 mg oMhe S 
substance as a colorless amorphous solid. 9 



D. BocPheHisnor-C-StaNHCH 3 



«> for IS ThJ 1 1 P 38 d,SS ° IVCd in 1 " 2 mL ° f 80/20 < V:V) acetic ^id-water and stirred at 25»C 
<o or 12h The m.xture was concentrated, co-evaporated three times with ether and twice with Sch- 
loromethane giving 47 mg of a product as a light brown powder 

"^o'," 1 «°/ 5 ° MeCN -P H 21 °- 1M Phosphate, 3.61 min.; 1H NMR. DMSO. 300 MHz partial delta 



EXAMPLE 2 



A. N=t-Boc-0-t-butyldimethylsilyl-nor-C-staNHCONHCH2CH2CH 3 

55 4 599 198^ t T "V 3 ^ 60 ^™-^ 2 ^^ (U.S. 
55 4 59 9i198) and 94 uL propy| lsocyanate jn 2 mL to|uene J y cooled and 
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B. Nor-C-StaNHCONHCH 2 CH 2 CH 3 hydrochloride 

The product of Example 2C (255 mg) was dissolved in at 25° C in 3 mL of a solution of freshly prepared 
5% aqueous 48% hydrofluoric acid in acetonitrile, and stirred for 2 h. Excess sodium bicarbonate was 
added to the reaction mixture, along with 20 mL water and the mixture was extracted with ethyl acetate 
wh.cn was then washed with water, dried (magnesium sulfate), and concentrated to give 198 mg of an oil' 
Th,s was dissolved at 0°C in 4 mL 4N hydrogen chloride-dioxane, stirred at 25«C for 1 h, then concentrated 
to g,ve 130 mg of a colorless waxy solid. NMR indicated that cleavage of the silyl group was incomplete 
TLC showed two products of Rf 0.42 and 0.07 (System C) assumed to be the aminosilyl ether and 
aminoalcohol, respectively. This product was used without purification in the following step 



C. BocPheHis(imBoc)nor-C-StaNHCONHCH2CH2CH3 

According to the procedure for preparation and purification of the product of- Example IC 119 mg of the 
product of Example 2B gave 97 mg of the title substance as a colorless amorphous solid TLC Rf 0 55 
system C. The undesired corresponding 0-silylated substance (derived from the 0-silyl contaminant in 
Example 2B) was separated during the chromatographic step (a less polar substance, Rf 0.60. system C). 

D. BocPheHisnor-C-StaNHCONHCH 2 C2CH 3 

o C oZ1 e P J° dU * ° f ExamplS 20 (91 m9) was dissolved in 1-5 mL 80/20 acetic acid-water and stirred at 
25 c for 6 h. The mixture was concentrated, co-evaporated with ether three times and dried overniqht to 
give 80 mg of product as a colorless solid. Rf 0.10 in system C and having an HPLC retention time of 2 35 
mm. in 70/30 MeCN-pH 2.1 0.1 M phosphate. 

NMR. DMSO. 250 MHz. partial delta, ppm: 0.86 (t. 3H), 1.32 (s. 9H, Boc). 1.47 (q 2H) 314 (a 2HI 

J£ R™a£\Z%: 417 <m> 2H)l 683 (s> 1H) - 7 - 10, 7 - 63, 8 - 02 (d * 1H ea) - 7 - 1 " 7 - 35 < m - 

EXAMPLE 3 

lndole-2-carbonylHisnor-C-Sta methyl ester (II. RB-imidazoM-ylmethyl. Re = OCH 3 ; and L = CH) 
A. 4-Cyclohexyl-2-pentyn-1-yl tetrahydropyran-1-yl ether 

°T , " c "! ed 5L three-necked roundbottomed flask equipped with mechanical stirrer, thermometer, 
dropping funnel and nitrogen inlet was charged with 192 g propargyl tetrahydropyranyl ether and 750 mL 
dry tetrahydrofuran (Aldnch gold label). The stirred solution was maintained at 0-C with a Dry Ice-acetone 
ba h while 604 mL 2.5 M n-butyl.ithium was added over 45 min. To the resulting dark solution waTaSfd a 
solution of cyclohexylmethyl bromide in hexamethylphosphoramide (distilled from calcium hydride at 
reduced pressure) over a period of 20 min. at 5-1 0-C. and stirring was continued 4 h at 25'C The mixture 
™ i " to .t. Stirred mixture of 2 L ice * water a" d 2 L hexane. The organic layer was washed with 2 x 

500 mL 1.0 M Uth.um chloride solution, dried over sodium sulfate, concentrated, and distilled using an 8" 
Vigreux column to give 102 g recovered propargyl tetrahydropyranyl ether, bp. 60-90-C at 3 mm followed 
by 151 g of the title product, bp 125-130°C at 0.5 mm, TLC Rf 0.5 in 1:4 system B 



B. 4-Cyclohexyl-2-butyn-1-ol 

«, i tK A ii L thr ft? 8Ck8 3 !!f k . < j? ulpped with me chanical stirrer, nitrogen inlet, and thermometer was charged 
w.th 140 g of the product of Example 3A and 700 mL methanol. The stirred mixture was cooled to 2-3'C 
and 560 mg p-toluenesulfonic acid was added, where upon the cooling bath was replaced with a bath of 
warm water sufficient to raise the reaction temperature to 30"C. After 4.5h 5 mL 1N sodium hydroxide 
solution was added and most of the methanol was removed at reduced pressure on the rotary evaporator 
The residue was dissolved in 700 mL hexane and the solution was washed with 1N sodium hydroxide 
solution (3 x 100 mL), dried over potassium carbonate, filtered, concentrated and distilled from potassium 
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carbonate using an 8" Vigreux column to give 76 g of product bp 90°C at 1 mm as a light yellow liquid 
contaminated by 1% methanol and 1% hexamethylphosphoramide as judged by 1H NMR. This product was 
used in the next step without additional purification. TLC Rf 0.5, 1:1 system B. 
Anal. Calcd for CioHibO: C. 78.90; H, 10.59. 
Found: C, 78.31; H. 10.72. 



C. Z-4-Cyclohexyl-2-buten-1-ol 

n, ■ t 5 °« mL Parr b0ttle was char 9 ed wl «i 35.2 g of the product of Example 3B. 250 mL toluene, 250 mg 
Lindlar Catalyst Poison" (Fluka). The solution .was purged with nitrogen and 14.08 g Lindlar catalyst 
(Aldnch) was added. The mixture was shaken under 35 psi. hydrogen pressure for 45 minutes, during which 
time the reaction temperature increased spontaneously to about 45°C. The cooled suspension was filtered 
through Celrte and was combined with another reaction mixture prepared in an identical manner from 
another 35.2 g of the same starting material. The combined mixture was concentrated by distillation at 
atmospheric pressure from calcium carbonate through a 12" Vigreux column, then on the rotary evaporator 
at aspirator pressure and 25°C, followed by heating at 80°C at 0.3 mm in the same flask equipped with a 
V.greux column until gentle reflux was achieved. The remaining liquid, a light yellow oil. weighed 77 4 q 
and was contaminated with 1% methanol and 1% hexamethylphosphoramide as judged by NMR This 
product showed a single spot by TLC. Rf 0.4, 1:1. system B and by NMR showed no detectable' trans 
isomer. - 



D. 2(S). 3(R)-Epoxy-4-cyclohexyl-1-butanol 

A 1 L three-necked flask equipped with thermometer, mechanical stirrer, nitrogen inlet and cooling bath 
was charged with 15 g 4 anstrom 600-mesh molecular selves. 400 mL dichloromethane, and 7 23 mL < + h 
diisopropyl L-tartrate (Aldrich). The stirred mixture was cooled to -5-C and 6.75 mL titanium tetraisopropox- 
.de was added, followed by 227 mL 3.0M t-butyl hydroperoxide in toluene (Aldrich), neither of which 
produced appreciable exotherm. To the stirred mixture at -20"C was added a solution of 70 a of the 
Sff 1 ^P' 8 30 in 30 mL dichloromethane over 10 min. so that the temperature did not rise about 
-20 C. The m.xture was stirred 6 h at -10»C. then placed (without stirring) in a refrigerator (-10°C) for 60h 
The mixture was again stirred in an ice bath and 120 mL water was added, followed by 30 mL 6N sodium 
hydroxide solution and the jnixture was saturated with sodium chloride. Methanol (50 mL) was added and 
the mixture was filtered, treated with 100 mL 0.1 M pH 7 phosphate buffer and after vigorous shaking was 
allowed to stand unt.l partial separation occurred. The lower (organic) layer was separated, and the too 
(aqueous) and m.ddle (emulsion) layers were extracted with dichloromethane (3 x 200 mL). The remaining 
emulsion (middle layer) was filtered through Celite. causing its complete separation into organic and 
aqueous layers. The combined organic layers were washed with pH 7 phosphate buffer (3 x 100 mL) 
aqueous bicarbonate, brine, dried (magnesium sulfate), filtered and concentrated to give 85 g of a viscous 
o. wh.ch was distilled using an 8" Vigreux column to give 12 g, bp 60-122-C at 0.5 mm. then 51 g of the. 
title substance, bp 1 22-1 30°C at 0.45 mm. TLC Rf 0.20 in 2:1 , system B 9 
Anal. Calcd for CioHisO* C. 70.55; H. 10.66. 
Found: C. 69.89; H. 10.50. 



E. 2(S). 3(R)-epoxy-4-cyclohexyl-1-butanoic Acid 

Three grams of the product of Example 3D was dissolved in acetonitrile (30 mL). and 45 mL water 30 
In S ?°i? 1 !j** lloride ' 690 mQ r^nium trichloride trihydrate. and 10.0 g periodic acid were added 
^TSL I^h ZZTT?, 9r f dUa " y r ° Se bUt W3S maintained ^ 30-35-C with gentle cooling. After 1.5h 
IlT^T ♦ 1 C J oroform were added - ""^ or 9anic layer was separated and the aqueous was 
extracted three times with chloroform (400 mL). The combined organic layers were washed with 50 mL 2N 
hydrochlonc acid saturated with sodium chloride, dried (magnesium sulfate), filtered through Celite and 
concentrated to g.ve 2.55 g of the title substance as a purple solid. TLC R 0.40. system C which was 
immediately used without purification in the next step. 
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F. 3(S)-Azido-2(R)-hydroxy-4-cyclohexylbutyric Acid 

The product of Example 3E (2.65 g) was dissolved in 10 mL absolute ethanol and added at 25°C to a 
stirring solution of 2.11 g lithium azide and 6.43- mL titanium tetraisopropoxide in 180 mL absolute ethanol 
5 The mixture was stirred at 25"C for 20h then at 35°C for 5h and 25'C for 14h, whereupon it was 
concentrated, dissolved in 250 mL ether and 75 mL 1% sulfuric acid, stirred 30 min. and separated. The 
resulting organic layer was washed with 5% sulfuric acid (3 x 20 mL), pH 7 phosphate buffer (twice, dried 
(magnesium sulfate) and concentrated to give 2.82 g of the title substance as a light tan oil which solidified 
on standing. The material showed TLC Rf 0.35 (system C) and IR (CHCb) 2100 cm"'. 



G. 3(S)-Azido-2(R)-hydroxy-4-cyclohexylbutyric acid methyl ester 

Diazomethane was prepared by treating 4.5 g of N'-nitroso-N-methyl-N-nitroguanidine in 75 mL ether 
with 31 mL 6N sodium hydroxide solution at 0"C, followed by decanting and drying the organic layer 
briefly over 5 g potassium hydroxide. This solution was placed in a dropping funnel and added dropwise to 
a stirred solution of 2.82 g of the product of Example 3F in 50 mL ether at 0°C. After 40 min. 20 mL acetic 
acid was added, and the mixture was extracted with saturated sodium bicarbonate (3 x 20 mL). sodium 
hydroxide solution (2 x 20 mL), dried (sodium sulfate), filtered and chromatographed on silica eluting with 
1:8 ethyl acetate-hexane. 2.43 g of the title substance was obtained by concentrating the appropriate 
fractions and showed TLC Rf 0.58. 1:1 system A, IR (CHCI3) 2100 cm"' [alpha] 5° + 10.1. (c = 1.19, 
CHCb). 



25 H. 3(S)-Amino-2(R)-hydroxy-4-cyclohexylbutyric acid methyl ester hydrochloride 

The product of Example 3G (2.23 g) was shaken with 100 mg 10% Pd/C in 15 mL ethanol and 0 4 mL 
acetic acid under 50 psi hydrogen for 40 min. at 25 »C. The mixture was filtered through Celite 
concentrated, co-evaporated with toluene (2x10 mL), dissolved in 4 mL 3.4 M hydrogen chloride-diox«r»' 
30 concentrated and co-evaporated several times with ether to give after drying 1.49 g of an oily light yellow" 
foam. TLC Rf 0.15 (the spotted plate was exposed to ammonia vapor prior to development in system C). 



I. lndoie-2-carbonylHis methyl ester 



as 



Five and a half grams of histidine methyl ester dihydrochloride was suspended in 500 mL dich- 
loromethane and treated at 0"C with 6.92 mL triethylamine. followed sequentially by 4.2 g indole-2- 
carboxylic acid. 5.56 g hydroxybenzotriazole and 5.35 g of dicyclohexylcarbodiimide. The mixture was 
stirred m an ice bath which was allowed to warm to 25«C overnight. The mixture was filtered, the precipitate 

ao washed with dichloromethane, the filtrate concentrated, the residue dissolved in 200 mL chloroform and 
extracted with 4x30 mL 1N sodium hydroxide solution, brine, dried (sodium sulfate) and concentrated to 
give 7.2 g of a yellow foam. This foam was dissolved in a mixture of 5 mL chloroform, 20 mL water 25 mL 
1N hydrochloric acid, the aqueous layer washed with 5 mL chloroform and then adjusted to pH 6 with 
sodium hydroxide solution. The mixture was concentrated and dried to give 4.3 g of a light green solid 

45 showing 3.46 min. retention time by HPC in 35/65 MeCN-pH 2.1 0.1 M phosphate (85% of total absorption)' 
with minor contaminants at 2.36 and 1.66 min. TLC Rf in system C was 0.07. This product was used in the 
next step without additional purification. 

so J. N-alpha-(lndole-2-carbonyl)-N(im)-t-butoxycarbonyl-L-histidine 

Four and three-tenths grams of the product of Example 31 was dissolved in 60 mL methanol and 20 mL 
water, cooled to O-C and treated with 7.6 g anhydrous potassium carbonate. After 1 h at 0»C and 2 h at 
25 °C. the mixture was cooled, taken to pH 3 with 6N hydrochloric acid, concentrated, cooled to 0°C 
55 brought to pH 10.5 with 6N sodium hydroxide solution, treated with 150 mL dioxane and at 0°C 42 mL di-t- 
butyl dicarbonate ((Boc)») was added. The mixture was then allowed to stir at 25 "C and the pH was kept 
between 9 and 10.5 by addition of 6N sodium hydroxide solution. After 75 min. 2 mL more (Boc)» was 
added, and after an additional 15 min. the mixture was concentrated to remove most of the dioxane 100 mL 
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water was added, and the resulting solution was washed three times with ether (25 mL ea ) The aqueous 
layer was cooled in an ice bath, 500 mL ethyl acetate was added and the pH of the aqueous layer was 
brought to 1.3 with 6N hydrochloric acid. The organic layer was separated, the aqueous extracted with ethyl 
acetate, the organic layers combined, washed with brine, dried (sodium sulfate), filtered and concentrated to 
give after drying 3.1 g of the title substance as a dry yellow powder. HPLC in 50/50 MeCN-pH 21 01M 
phosphate 4.57 min. (93% of the total UV integration) and [alpha] *° + 10.5° (c=0.88. CHCfe). 

K. lndole-2-carbonylHis(imBoc)nor-C-Stamethyl ester 

According to the procedure for the preparation and purification of the product of Example IC. 500 mg of 
the product of Example 3H was coupled in 25 mL dichloromethane with 911 mg of the product of Example 
3J. and 550 mg of the title substance was obtained. TLC Rf 0.58. system C. A minor component Rf 0 55 
was also present. ' 

L. lndole-2-carbonylHisnor-C-Sta methyl ester 

The product of Example 3K (455 mg) was stirred in 10 mL 5:1 acetic acid-water for 16 h at 25'C 
concentrate^ co-evaporated with ether several times and dried to give 431 mg of a light yellow powder! 
HPLC in 40/60 acetonitnle-pH 2.1 0.1 M phosphate showing 5.53 min. (39%) and 6 43 (58%) 

NMR. DMSO. partial delta, ppm: 2.94 (m). 3.53 (s, 3H, OCH 3 ), 4.02. 4.18. 4.64 (m). 6.80 (s 1 H) 6 9-7 6 
(aromatic m), 7.0 (t) 7.4 (d) 7.6 (d). 

EXAMPLE 4 

BocPheHis(imBoc)nor-C-Sta methyl ester (I. Z = t-butoxycarbonylamino; R^N-t-butoxycarbonylimidazoW- 
ylmethyl; W = CH|||OH; Q = H; M = phenyl; Z i = CO a CH,; and X-cyclohexyl) ' ' OxycarD0n y" m,da2oM - 

According to the procedure for preparation and purfication of the product of Example IC. 2.0 q of the 
product of Example 3H gave 1,8 g of the title substance as a colorless foam. TLC Rf 0.37 in system C 

~r h £ m ^p? n!S N " PH 21 °- 1M Ph ° SPhate e ' Uting 3t 542 min " A,so obtained ™ 125 mgof ales^S 
ZSn* !♦ ™ S n P8Ctral,y identifiBd 38 *" °- B °c p "eHis(imBoc) derivative of the above-idenSfie^ 
P ^fL « ,XtUre (5 °° m9) the product of this Exam P'e and this compound was also obtained 
onv J^o* Cb " 300 MH2, de,ta ' partial: 133 and 155 < s - 9H ea > B oc), 2.72 and 2.94 (m 1H ea> 3 1 (m 

f:^, 3 ^ 0 ^: 04 ' 452 md 4ss ,h ->■ 428 2H »' « ™ * -» 

EXAMPLE 5 

BocPheHisnor-C-Sta methyl ester (I. Z = t -butoxycarbonylamino; M = P henyl; Q = H - R,= imidazol-4-vl 
methyl; 2' = C0 2 CH3;W=CH|||OH; and X-cyclohexyl) imidazol-4-yl- 

The product of Example 4 (800 mg) was stirred 14h in 10 mL 4:1 acetic acid-water at 25«C 

^t«m rf uo^l^T 6d S6Ver .? 1 WmeS With 6ther ' 9iVin9 580 mg 0f a "9"* y e,,ow <°am. TLC Rf 0.30 in 
system D. HPLC in 50/50 acetonitriie-pH 2.1 0.1 M phosphate 6 32 min 

„ 300 MH2 ' Partial - delta ' ppm: 142 < s - 9H - Boc )- 2-M.1 (m). 3.78 (s. 3H 0CH,) 4 20 and 

4.62 (1 H each). 4.38 (m. 2H). 6.89 (s. 1 H). 7.1-7.4 (m. aromatic), 7.78 (m, 2-3H). 

EXAMPLE 6 
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BocPheHisnor-C-Statone methyl ester (Z = (CH 3 ) 3 COCONH; M = phenyl; Q = H; X-cyclohexyl; R,= imidazol- 
4-y| methyl: W = C = 0; and Z' = C02CH 3 ) 

A stirred solution of 157 mg pyridinium dichromate in 10 mL dichloromethane was treated at 25°C with 
107 uL acetic anhydride followed by 250 mg of the product of Example 5 in one portion. After 1.5H the 
mixture was diluted with 150 mL dichloromethane and this solution was washed with 2 x 10 mL 1N 
hydrochloric acid, aqueous bicarbonate, brine, dried (sodium sulfate) and concentrated to give 260 mg of "a 
brown solid. TLC Rf 0.2 (major) and 0.27 (minor, about 5%). in system D. By these TLC's none of the more 
polar product of Example 5 could be detected. The less polar impurity could be removed by chromatog- 
raphy on silica in 5% ethanol-ethyl acetate but the recovery was poor: 50 mg of crude material gave 7 mo 
of product which was pure by TLC. 

NMR, 300 MHz, CDCb. partial, delta, ppm: 1.24 (s, Boc). 3.82 (s. OOCH 3 ). 7.0-7.5 (m, aromatic). 

75 EXAMPLE 7 

MorphoIinocarbonylPheHisnor-C-Sta methylester (I. Z = morpholinocarbonylamino; M = phenyl- Q = H- 
R 2 = imidazol-4-ylmethyl; W = CH|||OH : Z' = COaChfe; and X = cyclohexyl) 

20 A. (S)-2-lsocyanato-3-phenylpropionic acid benzyl ester 

According to the procedure of Lombardino, et. al. (J. Med. Chem. 1964 , 7. 97) 18.0 g L-phenylalanine 
benzyl ester hydrochloride in 150 mL toluene was stirred at reflux under an~atmosphere of phosgene for 
1.5H. cooled and concentrated to give a solid which was recrystallized from 120 mL hexane to oive 16 1 a 
25 of colorless needles. w 
Anal. Calcd for C17H1SNO3: C, 72.59; H, 5.37; N, 4.98. 
Found: C. 72.32; H, 5.35; N, 4.92. MP 68-72°C. 
[alpha] * 3 -80.4" (c = 1.02, CHCI3). IR (CHCI3) 2250. 1750 cm"'. 
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B. MorpholinocarbonylPhe benzyl ester 



The product of Example 7A was dissolved in 5 mL dichloromethane. treated at 25°C with 930 uL 
morpholine and after 30 min. the mixture was concentrated to a waxy solid which was recrystallized from 
as hot 4:1 hexane-ethyl acetate, giving 1.92 g of the title substance.mp 87-89-C. MS (chemical ionization 
isobutane) 369 (MH + , base peak). 



C. MorpholinocarbonylPhe 

The product of Example 7B (1.85 g) was dissolved in 30 mL absolute methanol and 5 mL acetic acid 
and shaken with 0.5 g 10% Pd/C for 1 h under a 53 psi hydrogen atmosphere. The suspension was filtered 
concentrated, co-evaporated three times with added toluene and dried to give 1.43 g of a colorless foam. ' 

D. BocHis(imBoc)nor-C-Sta methyl ester 

According to the procedure for preparation and purification of the product of Example IC. except that 
DiBocHis was used in place of BocPheHis(imBoc). 200 mg of the product of the Example 3H gave 345 mg 
of an approximately 1.5:1 mixture of the title substance. RF 0.38 and the corresponding O-BocHis(imBoc) 
der.vative. Rf 0.50. respectively (TLC on silica in ethyl acetate). This mixture was used without separation in 
Example 3E. This mixture could be separated by preparative HPLC on a Zorbax C-8 25 cm x 9 8 mm 
column, elutmg with 85/15 acetonitrile-water at 6.3 mL/min.. detection at 254 nm. The title substance eluted 
at 4.76 mm. and the 0-acylated derivative at 6.48 min. Pure samples of each were thereby obtained 
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E. BocHisnor-C-Sta methyl ester 

The mixture obtained in Example 7D (895 mg) was dissolved in 20 mL methanol at 25'C and treated 
w,th 30 mg anhydrous potassium carbonate. After 1 h the mixture was concentrated and dried to give 604 
mg of a yellow foam which was used without purification in the following reaction. HPLC in 50/50 
aceton,tnle-pH 2.1 0.1M phosphate showed 3.15 min. and 1.98 min. peaks in 2.8:1 ratio. The 1 98 ZJt 

:™r^i:£ 0 T Hs0Me ' confirmed by nmr of the ^ ^ » "~ o^jzt. 

F. Hisnop-C-Sta methyl ester hydrochloride 

sti nlH^TS ° f T ! XamP ' e YE (595 m9) W3S diSS0,ved in 3 - 4 ^ h y dr °9 en chloride-dioxane at 25«C and 
f,!»^ M U » ; m 6 WaS concentrated and 'esidue was dried in vacuo giving 555 mg of a 
yeltow sohd. HPLC ,n 5/95 acetonitrile-pH 2.1 0.1 M phosphate 1.54 min. NMR indicated the mie substance 
to be present, contaminated by histidine methyl ester dihydrochloride. 



Q. MorpholinocarbonylPheHisnor-C-Sta methyl ester 

Following the procedure of Example 1C, except that the product of Example 7C was used instead of 
BosPheHisOmBoc) and that 2.2 equiv triethylamine rather than 1.1 equiv was used. SS^mg ofthe p^duc 

tlteZ^h 4 mranfvdr? " *™Z ^ ^ ™* in 3 ^ -Sha^ and 

UnTlZT* rnQ ^ dTOUS P°tess.um carbonate at 25°C for 2 h and concentrated giving 355 mg of a 
hght yellow foam. This was dissolved in 4 mL dichloromethane and vigorously stirred 5 min with 20 m L I N 
hydrochlonc acid^The .ayers were separated and the aqueous .Iyer was extracted wrth 2 x 2 ml 
d,chloromethane. The aqueous layer was treated with sufficient 2Nsodium hydroxide solution so thai the oH 
was raised to 10.5 and then extracted with 4 x 100 mL dichloromethane. The iatter dichlora^ 
T?C S; ,e n d 1 (S ° diUm SU,fat °> and concentrated to give the 225 mg of tit.e substance as InT^Tl 

JnLZonl Ji,* m °' HPLC 2 - 95 min - 50/50 ace ^tri.e-pH 2.1 phosphate (93% of total uv 
integration), with a minor impurity at 1 .94 min. (5% UV integration) 

NMR. 300 MHz. CDCb. partial, delta, ppm: 0.7-1.4 (m. 6-8H), 1.5-1.8 (m, 4-6H) 3 4-2 8 (m ca bhi s r 

ana 8.12 (d, 1H ea), 7.1-7.35 (m, ca. 6H, aromatic). 

EXAMPLE 8 

MorpholinocarbonylPheNlenor-C-Sta methyl ester (I, Z = morpholinocarbonylamino- M= ohenvl* O-H- 
R 2 = n-butyl; W = CH|||OH; C0 2 CH 3 and X = cyclohexyl) P V '' Q ~ H ' 

A. Norleucine ben2yl ester 

r N .-f CC ° rdin ? X l **■ f eneral procedure outlined in J- Med . Chem. 1986. Vol. 30. p. 3575, 15 0 q norleucine 
(Nle) was mixed with 200 mL benzyl alcohol and cooledloT-rTThiony. chloride (25 ml) was Sded 

TJr S ' OWly t0 90 " C With a fier ° e evo,l *°" <* S occurring a" 

about 50 C. After 2 h at 90-C the mixture was cooled to 0»C and 25 mL more thionyl chloride was added 
The mixture was then heated again at 90-C for 2 h. cooled, diluted with 1.6 L ether ^3£^Sti 
0«C . The crystals wh,ch formed were filtered, washed with ether and dried to give 23 1 g Ta daZ solS 

Imoni V ^ SP ° tted P ' ate WaS exp0Sed t0 ammonia va P° r ««* dried prior to 
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B. MorpholinocarbonylPheNle benzyl ester 

Following the procedure for preparation .and purification of the product of Example 1C, 2.12 g of the 
product of Example 8A and 2.63 g of the product of Example 7C gave 3.30 g of the title substance as a 
colorless foam. TLC Rf 0.5 in ethyl acetate on silica, HPLC ret. time 3.27 min. 97% of total absorption to 25 
min. in 70/30 MeCN-pH.2.1 0.1 M phosphate. 



C. MorpholinocarbonylPheNle 

The product of Example 8B (3.3 g) was shaken in 35 mL methanol and 7 mL acetic acid with 1.0 g 10% 
Pd/C for 45 min. t filtered through Celite, concentrated, co-evaporated several times with toluene and ether 
and dried to give 2.9 g of a colorless solid, TLC Rf 0.2 in System C. 



D. MorpholinocarbonylPheNlenor-C-Sta methyl ester 

Following the procedure for preparation and purification of the product of Example 1 C, 300 mg of the 
product of Example 3H and 700 mg of the product of Example 8C gave 350 mg of the desired product as a 
light yellow solid, TLC Rf 0.33 in ethyl acetate on silica. HPLC ret. time 6.02 min. in 75/25 MeCN-pH 2.1 
0.1 M phosphate. 

NMR (CDCI 3 ), 300 MHz. partial, delta: 0.86 (6; 3H, J = 6-7Hz. overlapping a 1-2H m centered at 0 9) 
1.04-1.36 (m, ca. 8H), 1.46 (dd, 2H), 1.46-1.90 (m, ca 10H), 3.0 (center of dd, 1H), 3.05-3.38 (m, ca 5H)' 
3.58 (m, ca. 4H). 3.74 (s, 3H OCH 3 ), 4.12 (d, 1H, J = 1-2Hz), 4.20 (q. 1H), 4.32-4.50 (m. 2H), 4.92 (d 1H 
J = ca. 8Hz), 6.48 (d, 1H, J=9Hz), 6.54 (d. 1H, J = 10Hz), 7.12-7.35 (m, 5H, aromatic). ■ 



EXAMPLE 9 

MorpholinocarbonylPheNlenor-Sta i-propyl ester (I, Z = morpholinocarbonylamino; M= phenyl; Q = H* Pfe»r> 
butyl; W = CH|||OH; Z 1 = C0 2 CH(CH 3 ) 2 ; and X = isopropy.l 

A. N-t-Butoxycarbonyl-(S)-3-Amino-R,S)-2-hydroxy-5-methylcapronitriie 

Boc-Leucinal (119 g) (prepared by Dibal -H reduction of the methyl ester according to the procedure of 
Rich et aL, J. Med. Chem. 1978, 43, 3624), was dissolved in 500 mL dimethoxyethane and treated at 5°C 
with 63.8 g of sodium bisulfite in 500 mL water so that the temperature did not exceed 10°C. Stirring was 
continued 5h at 0°C and the mixture was stirred to 25°C for 48 h. The mixture was concentrated to 350 mL 
1 L ethyl acetate was added, followed by 39.5 g of KCN in 100 mL water. After 72 h of stirring at 25°C, the 
layers were separated, the aqueous extracted 2 x with ethyl acetate, the combined organic layers were 
washed with brine, dried over sodium sulfate and concentrated giving the title substances as a lioht veliow 
oil. 134 g. TLC Rf 0.22 in 1 :3 System A. 



B. N-t-Butoxycarbonyl-(S)-3-amino-(R)-2-t-butyldimethylsiloxy-5-methylcapronitrile 

The product of Example 9A (117 g) was dissolved in 800 mL dimethylformamide and cooled in an ice 
bath. Imidazole (82.2 g) and 102 g of t-butyldimethylchlorosilane were added sequentially and the mixture 
was stirred 3 h at 25°C. The mixture was concentrated, 500 mL hexane and 500 mL ether were added and 
the organic layer was washed with saturated lithium bromide solution (3 x 50 mL), 1N hydrochloric acid 
brine, dried and concentrated giving 166 g of a yellow viscous oil. These two isomers could be separated 
by column chromatography, loading 17 g of the mixture on 1.8 kg silica, packed and eluted in V25 ether- 
hexane (10 L), then 10L 1:22.5, followed by 10 L 1:20 ether-hexane. By repeating this procedure 47.2 g of 
the less polar isomer was obtained as a colorless waxy solid, together with 30.6 g of the more polar isomer 
N-t-Butoxycarbonyl-(S)-3-ami and 42 g of the mixture 
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C. Ni-Butoxycarbonyl-(S)-3-amino-(R)-2-t-butyldimethylsilytoxy-5-methylhexanamide 

The product of Example 9B (30 g) was dissolved in 650 mL abs. ethanol and treated at 0°C with 144 

teLlL 80 ^"! hydroxide solution fo,,owed bv 2 90 m <- 30% aqueous hydrogen peroxide so that the 
temperature d.d I no exceed 5'C. After 3.5 h at 0»C the mixture was warmed to 30°C for 0.5 h. cooled to 
0 C and treated wrth 116 mL 30% H 2 0 2 . After 10 minutes TLC indicated disappearance of the startino 

rSurS T in 00 f° % S ° diUm SU ' fate ^ Sdded dr ° PWiSe at leSS «™ 5 °C- ^ m^jTSS 
reduced by 450 mL volume m vacuo and extracted with ethyl acetate (4 x 250 mL) which was washed with 

brine . dried and concentrated giving 36 g of an oil which was chromatographed on 800 g silica with 1-1 

ether-hexane Some .mpure fractions were rechromatographed in the same system and a total of 170 a of 

colorless product was thereby obtained. Rf 0.2 in 1 :1 ether-hexane 9 



D. (S)-3-Amino-(R)-2-hydroxy-5-methylhexanamide hydrochloride • 

h„H™ P o°M UC ! t 0 l- EXamP,e 9C (16 - 9 9) WaS dissolved in 50 dioxane and treated with 100 mL 3.4 N 
hydrogen chlonde-d.oxane at 25'C. After 2.5 h the mixture was concentrated, co-evaporated with ether and 

£S 9 title substance 38 a color,ess so,id ' HPLC ret time 235 min in 5/95 MeC ^S 

E. (S)-3-Amino-(R)-2-hydroxy-5-methylhexanoic acid hydrochloride 

tar ^ZOO^ °! !!*"!?!?• 90 (8 - ? 9) WaS diSS °' Ved 150 mL 6 ^ hydrochloric acid and heated at 60°C 
P H 2*'0^osp**e t0 9iV6 10 " 6 9 ° f 3 " 9ht ye " OW S ° ,id7HPLC ret time 50 min - in 5/95 MeCN- 

F. i-Propyl (S)-3-amino-(R)-2-hydroxy-5-methylhexanoate hydrochloride 

.h. "E* ""J*? * 9E < 125 9) w as dissolved in 2-propanol which was saturated with hvdrooen 

totene a^rr d ^V 8 h * 2B ' & The ^ W3S con ^ted, the residue co^vaporaS S 

S^Z n 12 h ^ dned t0 9 ' Ve 136 9 ° f the d9Sired product as an ° i,v y°»™ f°am. TLC Rf 033 £ 
System D {spotted plate exposed to JMH3 vapor prior to development). • ^ ™ m 

G. MorphoBnocarbonylPheNlenor-Sta-i-propyl ester 

Employing the procedure for preparation and purification of the product of ExamDle 1C 300 ™ of th* 

IH^lCnil ?X n '2T' Tf time 5 ' 86 min - 75/25 M6CN - pH Z ° °- 1 M Phosphate 
hh Im^T, ( ?? CI3) ' 300 MH2> Partia - I: de,te ' 0 82 «■ 3H - J=B Hz), 059 (center of dd. 6H) 1 21 (center of 

tt i i \ \V m \ °f ^ H) ' 1 - 6 - 2 " 0 (m ' 2 " 3H) - 2 - 88 - 334 < mu **> ,ets - ca. 7H). 3.55 (m. 4-5H) .405 4 36 
and 4.46 {m. 1H ea). 4.98 (m. 2H). 6.47 and 6.56 (m. 1 H ea). 7.05-7.31 (m. 5H). 

EXAMPLE 10 

R-^r!S°r y'PheLysnor-C-Sta methyl ester (I, 2 = morpholinocarbonylamino; M = phenyl- Q = H 
C Sto TS ty iI? y f W = CH »l OH: and Z' = C0 2 CH 3 ) and Morpholino C ar to ny.Ph e P ys( E-6BZ)nor: 
C-Sta msth^ ester (I. 2 = morpholinocarbonylamino; M = phenyl; Q = H- R,=0ChJconh<CH? ■ 
X=cydoto« s tW = CH|||OH;and2i = C02CH3) • worwcoNHfCrfe)*-, 

A. BocLysJe-CB2)nor-C-Sta methyl ester 

Following the general procedure for preparation and purification of the product of ExamDle 1C 300 mn 

ZTrSf? E T5? e 3H ^ m9 ° f B ° C LyS(E - CBZ) < Chema '°9 C0 > 430 rnT of he Zurf 
as a coloritofoam. TLC Rf 0.57 in ethyl acetate. HPLC 4.83 min. in 70/30 MeCN-pH 2.1 0.1 M phosphafe 
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B. Lys(E-CBZ) nor-C-Sta methyl ester hydrochloride 

The product of Example 10A (400 mg) was dissolved in 5 mL 3.4N hydrogen chloride-dioxane at 25°C, 
stirred 1.5 h, concentrated, co-evaporated several times with ether and dried giving 366 mg of product as a 
5 light yellow foam. 

C. MorpholinocarbonylPheLys(E-CBZ)nor-C-Sta methyl ester 

10 Following the procedure for preparation and purification of the product of Example 1C 360 mg of the 
product of Example 10B and 311 mg of the product of Example 7C gave 180 mg of product as a colorless 
foam. TLC Rf 0.64 in System D. HPLC 2.86 min. in 70/30 MeCN-pH 2.1 0.1 M phosphate. 

1H NMR. CDCb. 300 MHz, partial, delta: 0.72-2.0 (m, ca. 25H). 2.94 (center of dd, 1H). 3.0-3.32 (m ca 
. 6H), 3.50 (center of m. ca. 4H), 3.68 (s. 3H. OCH 3 ). 5.02 (m, 2H). CH2O, 6.52 and 6.68 (d, 1H ea) 7 08-7 48 
75 (m, ca. 11H). 



D. MorpholinocarbonylPheLysnor-C-Sta methyl ester hydrochloride 

The product of Example 10C (50 mg) was dissolved in 10 mL methanol and 2 mL acetic acid and 
shaken with 20 mg 10% Pd/C for 45 min. at 25 »C under 50 psi hydrogen. The mixture was filtered 
concentrated and co-evaporated first with 3 mL 3.4 £l hydrogen chloridedioxane, then with ether (3x) and 
dried giving 36 mg of product as pale yellow plates, HPLC 4.08 min. in 40/60 MeCN-pH 21 0 1M 
phosphate, TLC Rf 0.12 in System D. 

1H NMR. 250 MHz, DMSO-d6, partial, delta: 0.67-1.8 (m. ca. 25H), 2.67-3.07 (m. ca. 4H), 3.07-3 56 (m) 
3.56 (s. 3H, OCH3). 4.07 (apparent d, 1H. J = 3 Hz). 4.13-4.40 (m, ca. 3H). 6.72 (d. 1H, J = 8Hz) 7 10-74 fm' 
ca. 5H). 7.62 (d. 1 H. J = 9Hz). 8.08 (d. 1 H, J = 8.5 Hz). (m. 



30 EXAMPLE 11 



MorpholinocarbonylPheNlenor-C-Sta 5-aminopentylamide hydrochloride (I, Z = morpholinocarbonylamino- 
M = phenyl; Q = H; R 2 = n-butyl. W = CH|||OH; Z' = CONH(CH 2 )5NH 2 ; and X = cyclohexyl) 

35 A. 3-(S)-Azido-2-(R)-hydroxy-4-cyclohexyl-N-(5-benzyloxycarbonylaminopentyl)amide 

Employing the general procedure for synthesis and purification of the product of Example 1C 800 mg 
of 5-(benzyloxycarbonylamino)-1-aminopentane and 477 mg of the product of Example 3F gave 490 mg of 
the title substance as a light yellow syrup. TLC Rf 0.5 in ethyl acetate. IR (CHCI 3 ) 2100 cm"' 



B. 3-(S)-Amino-2-(R)-hydroxy-4-cyclohexyl-N-(5-benzyloxycarbonylaminopentyl)amide 

The product of Example 11A (410 mg) was dissolved in 5 mL methanol and treated at 0°C with 525 mg 
of anhydrous stannous chloride in 5 mL methanol over 1 min. The mixture was stirred at 25"C for 18 h 
concentrated, treated with 3 mL water. 3 mL IN sodium hydroxide solution and extracted with 200 mL 
ether. The aqueous layer was saturated with sodium chloride extracted with ether. The ether layers were 
dried, filtered and concentrated giving 200 mg of an oily foam. The aqueous layers were further basified 
with 5 mL 1N sodium hydroxide solution and treated with 5 g sodium chloride and extracted with 3 x 100 
mL ethyl acetate. 3 x 100 mL dichloromethane and the combined organic layers were dried filtered and 
concentrated giving an additional 210 mg light yellow foam. The combined solids (410 mg) were 
chromatographed on 25 g silica eluting with 250 mL each of 1%, 2%. 4%, 6%. 8% and 12% ethanol- 
dichloromethane giving 172 mg of pure product as a colorless foam, HPLC 3.39 min. in 50/50 MeCN-DH 2 1 
0.1 M phosphate. 
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C. MorphoIinocarbony!PheNlenor-C-Sta-(5-CBZaminopentyl)amide 

Using the general procedure for preparation and purification of the product of Example 1C. except that 
triethylamine was omitted, 165 mg of the product of Example 11B and 246 mg of the product of Example 
8C gave 212 mg of product as a light yellow foam, TLC Rf 0.14 in ethyl acetate, 0.80 in System D. HPLC 
(4.8 min.) indicated approximately 30% (UV absorbance) of an unidentified impurity, 5.03 min in 60/40 
MeCN-pH 2.1 0.1 M phosphate. 



D. MorpholinocarbonylPheNlenor-C-Sta (5-aminopentyl)amide hydrochloride 

The product of Example 11C (186 mg) was dissolved in 20 mL methanol and 4 mL acetic acid and 
shaken with 60 mg 10% Pd/C for 2 h at 25°C, filtered through Celrte, concentrated, co-evaporated with 
toluene and dried giving 167 mg of a light yellow solid which was co-evaporated twice with 3.4N hydrogen 
chloride-dioxane and ether and dried to give 150 mg of product as a light yellow solid, HPLC 3 72 min in 
40/60 acetonitrile-pH 2.1 0.1 M phosphate. 

1H NMR (DMSO-d6 + 10% H 2 0), 300" MHz, partial, delta: 0.82 (m, ca. 5H), 0.96-1.8 <m. ca. 25H), 2.7, 
3.0, 3.2 and 3.44 (centers of 2-3H multiplets). 3.76 (apparent d. 1H). 4.0-4.2 (m. 2H) 4 2-4 35 (m 1-2H)' 
4.35-4.9 (br. 3-4H), 6.7 (m, 1H), 7.06-7.4 (m. 5-6H), 7.63 (m, 1H), 7.92 (br, ca. 2H), 8.05 (d, 1H, J = 9Hz) 



EXAMPLE 12 



1-FormylpiperazinocarbonylPheNlenor-C-Sta. methyl ester (I. Z = 4-formylpiperazinocarbonylamino- 
M = phenyl; Q = H; R 2 = n-butyi; X = cyclohexyl; W = CH|||OH; and 2 1 = C0 2 CH 3 ) 

A. 1-FormylpiperazinocarbonylPhe benzyl ester 

The product of Example 7A (3.0 g) was dissolved in 17 mL dichloromethane and treated at 25 °C with 
1.7 mL N-formylpiperazine which produced an exotherm to 40°C. After 0.5 h at 25°C the mixture was 
concentrated and.chromatographed on 100 g silica eluting with 2 L ethyl acetate followed by 10% ethanol- 
ethyl acetate to give 3.1 g of product. Rf 0.1 in ethyl acetate. HPLC 4.56 min. in 50/50 MeCN-pH 2 1 0 1M 
phosphate. 



B. 1-FormylpiperazinocarbonylPhe 

The product of Example 12A (3.0 g) was dissolved in 50 mL methanol and 5 mL acetic acid and shaken 
with 1.0 g 10% Pd/C under 50 psi hydrogen for 1 H at 25 *C. filtered through Celite, concentrated co- 
evaporated with toluene (3X) and dried giving 2.31 g of the title substance as a colorless foam Rf 0 17 in 
System D. ' 



C. 1-FormylpiperazinocarbonylPheNle benzyl ester 

Using the general procedure for preparation and purification of the product of Example 1C 750 mg of 
the product of Example 3H and 1.02 g of the product of Example 8A gave 1.06 g of the title substance as a 
colorless solid. TLC Rf 0.65 in System D. HPLC 2.48 min. in 70/30 MeCN-pH 2.1 phosphate 



D. 1 -FormylpiperazinocarbonylPheNle 

The product of Example 12C (1.04 g) was dissolved in 30 ml methanol with 3 mL acetic acid shaken 
with 300 mg 10% Pd/C for 1 h at 25"C under 50 psi hydrogen, filtered, concentrated, co-evaporated with 
toluene (3X) ( ether and dried to give 870 mg of the title substance as an off-white foam, TLC Rf 0.5 in 
System D. 
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E. 1-FormylpiperazinocarbonylPheNlenor-C-Sta methyl ester 



Employing the general procedure for preparation and purification of the product of Example 1C 200 mg 
of the product of Example 3H and 465 mg of the product of Example 12D gave 194 mg of product as a 
light yellow foam. TLC Rf 0.53 in System D, HPLC 4.50 min. in 50/50 acetonitrile-pH 2.1 phosphate 

NMR (CDCI 3 ), 300 MHz. partial, delta: 0.82 (t. 3H. J = 6Hz. overlapping an 0.9 multiplet). 1.0-1.35 (m ca 
5H). 1.44 (center of dd. 2H), 1.44-1.9 <m, ca. 9H). 2.98 and. 3.10 (each center of dd. 1H ea) 3 10-3 57 (m 
ca. 8H). 3.57-3.72 (m, which 3.72 s [OCHs], total ca. 5H). 4.13 (d. 1H J = 3Hz), 4.21 (q. 1H), 4 39 (q 1H>' 
4.49 (q. 1 H), 5.18. 6.49 and 6.63 (d. 1 H ea. J =6Hz), 7.08-7.36 (m. 5-6H). 8.0 (s. 1 H, N-CHO). ' 

EXAMPLE 13 

MorpholinocarbonylPheNlenor-C-Sta (O-4-piperidinobutyryl) methyl ester (I, 2 = morpholinocarbonylamino- 
M = phenyl; Q = H; R 2 = n-butyl: X«=cyclohexyl; W = CH|||OCO(CH 2 )3 piperidino; 2^ =C02CH 3 ) 

A. 4-Piperidinobutyryl chloride hydrochloride 

4-Piperidinobutyric acid hydrochloride (750 mg) and 4 ml of thionyl chloride were combined and stirred 
at reflux for 45 min.. concentrated, triturated with ether and dried to give 700 mg of light brown solid which 
when dissolved in dry methanol gave Rf 0.1 in system D. distinctly different from the starting acid and 
presumably the methyl ester. The solid was used without further purification. 

25 B. MorpholinocarbonylPheNlenor-C-Sta(0-4-piperidinobutyryl methyl ester 

The product of Example 8D (50 mg) was dried by addition and removal in vacuo of benzene, dissolved 
. in 1 mL dichloromethane and treated sequentially at 25 0 C with 30 uL triethylamine and 25 mg of the 
product of Example 13A. After 1.5 h 15 uL more triethylamine and 22 mg more acid chloride were added 
so and after another 2.4 h 19 uL triethylamine and 21 mg acid chloride were added. After 1 h more 7 uL 
triethylamine and 10 mg acid chloride were added, and 0.5 hr later the mixture was diluted with 
dichloromethane. washed with aqueous bicarbonate, dried and concentrated giving 75 mg of a dark brown 
oil which was chromatographed immediately on 3 g silica with 3% ethanol-methylene chloride, eluting then 
with 100 mL of this solvent and 100 mL each of 5%. 7%. 9% and 13% ethanol-dichloromethane. The title 
substance eluted cleanly and was obtained as a light brown solid. 25 mg. TLC Rf 0.23 in System D HPLC 
5.09 min. in 60/40 acetonitrile-pH 2.1 phosphate. 

1H NMR (CDCI3). 300 MHz, partial, delta: 0.82 (t. 3H overlapping 1-2H m). 1.04-2.0 (m). 226-2 58 (m) 
3.06 (m. 2H). 3.1-3.34 (m. 4-6H). 3.57 (m. ca. 4H). 3.70 (s. 3H. OCH 3 ). 4.18 (q. 1H). 4.46 (q 1H) 4 53 (m 1- 
2H). 4.94 (m. 1H). 7.1-7.3 (m. 5-7H). 1 



EXAMPLE 14 



MorpholinocarbonylPheNlenor-C-Sta N-methyl amide (I. 2 = morpholinocarbonylamino; M = phenyl- Q = H- 
45 R 2 = n-butyl; X = cyclohexyl: W = CH|||OH; Z'-CONHCHs) ' 

A. 3(S)-Azido-2(R)-t-butyldimethylsilyloxy-4-cyclohexylbLrtyric add methyl ester 

The product of Example 3G (0.60 g) was dissolved in 5 mL of dimethylformamide and treated at 0»C 
so sequentially with 422 mg imidazole and 523 mg t-butyldimethylchlorosilane. After 18 h at 25»C the mixture 
was treated with 211 mg imidazole and 255 mg t-butyldimethylchlorosilane and stirred at 25 "C for ih The 
mixture was concentrated, the residue dissolved in ethyl acetate, extracted with aqueous 1 Mlithium 
chloride solution. 1N hydrochloric acid, brine, dried, filtered, concentrated (giving 900 mg of clear~oil) and 
chromatographed on 25 g silica with 1 L 1:75 ether-hexane to give 800 mg of pure product. TLC Rf 0 55 in 
55 1 :2 ether-hexane. 
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B. 



3(S)-A2ido-2(R)-t-butyldimethylsilyloxy-4-cyclohexylbutyric acid N-methyl amide 



The product of Example 14A (725 mg) was dissolved in methanol and cooled to 0»C. This solution was 
saturated w.th anhydrous methylamine and the stoppered flask stirred at 40°C for 5 h The solution was 
[ mTS^^SS 6 C °- evap0rafed with ether and dried 9 ivi "9 642 mg of a colorless solid, TLC Rf 

C. 3(S)-Amino-2(R)-t-butyldimethylsilyloxy-4-cyclohexylbutyric acid N-methyl amide 

The product of Example 14B (640 mg) was dissolved in 30 mL methanol and 3 mL acetic acid and 

SSTiE^ m9 10% Pd/C Under 50 PSi hydr ° 9Bn f0r 1 h at 25 ° C - The wasSed Smugh 

Cel.te, the filtrate concentrated and the residue dissolved in ethyl acetate. This solution was washed S 
aqueous sod,um bicarbonate, dried, filtered and concentrated to give 550 mg of a colo^o^ wS 
used in the next step without purification. cn was 

D. MorpholinocarbonylPheNlenor-C-Sta(0-t-butyldimethylsilyl ether) N-methyl amide 

Using the general procedure for preparation and purification of the product of Example 1C exceot that 
tnethylamme was omitted, the crude product of Example 14C (250 ma) and 3«58 11 *L 1 , ! . 
Example 8C gave 206 mg of the titJe substance as a ligSt .Tc to l lin ih J. tcetaS r? 07 
in System D, HPLC 8.2 min. in 70/30 MeCN-pH 2.1 phosphate. V ' 

E. MorpholinocarbonylPheNlenor-C-Sta methyl ester 

The product of Example 14D (200 mg) was treated with 3 mL 3N hydrogen chloride-dioxane at 25-C for 
30 min concentrated, co-evaporated with ether (3X) and dried to give 155 mg of a pale yeltow solid TLC 
Rf 0.48..n system D. HPLC 4.57 min. in 50/50 acetonitrile-pH 2.1 M phosphate 

1H NMR. 300 MHz, DMSO-d6, partial, delta: 0.82 (t, 3H. J=6Hz, overlappinq m 1-2H1 1 0-1 v l m « 

7 3 -96 stjz as^s; (apparent d - 1H> j=ca - 1H2) - 4 - 11 (m - 2H) - 4 - 28 1H> - ^ « ^ 

EXAMPLE 15 

MorpholinocarbonylPheNlenor-C-Sta N-n-butyl amide (I, Z = morpholinocarbonylamino- M-phenvl- Q-H- 
R 2 =n-butyl;X = cyclohexyl; W = CH|||OH;2'=CONH(CH 2 ) 3 CH3) yiamino, M phenyl, Q-H, 

A. 3(S)-Azido-2(R)-t-butyldimethylsilyloxy-4-cyclohexylbutyric acid N-n-butyl amide 

stirrZJ^r 0 ^" I*™™** 14A (80 ° mg) was disso,ved in 2 ml - methanol and 1 mL butylamine and 
stirred at reflux 18 h. Butylamine (1 ml) was added and refluxing continued 2 h The mfxTure 
concentrated and chromatography on 25 g silica eluting with 1:5 ether-hexane giving 5oTmc o7 I 
co.or.ess waxy solid, TLC Rf 0, in 1:5 ether-hexane. together with 240 mg of rio^^ZjiZ^ 

B. 3(S)-Amino-2(R)-t-butyldimethylsi.y.oxy4-cyc.ohexylbutyric acid N-n-butyl amide 

The product of Example 15A (450 mg) was dissolved in 30 mL methanol with 3 mL acetic acid and 
shaken with 220 mg Pd/C for 5 h. The mixture was filtered through Celite ^Strate con-ntrS t£f 
residue co-evaporated with added toluene. disso.ved in ethyl acetate wash^ S SSTSEL^ 
aqueous bicarbonate, dried over magnesium sulfate and concentration to g^e 360 mg of a coSless o 
which was used without purification in the next step. 9 colorles s °" 
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C. MorpholinocarbonylPheNlenor-C-Sta(0-t-butyldimethyisilyl ether)N-n-buty! amide 

Employing the general procedure for preparation and purification of the product of Example 1 C, except 
that triethylamine was omitted, 355 mg of the product of Example 15B and 300 mg of the product of 
5 Example 8C gave 313 mg of product as a colorless solid, Rf 0.8 in System D, HPLC 7.5 min. in 85/15 
acetonitrile-water. 



D. MorpholinocarbonylPheNlenor-C-Sta N-n-butyl amide 

70 

The product of Example 15C (305 mg) was dissolved at 25°C in 3 mL 3.4N hydrogen chloride-dioxane. 
After 45 min. the mixture was concentrated, the residue co-evaporated three times with ether and dried 
giving 239 mg of a beige solid, TLC Rf 0.6 in System D, HPLC 10.2 min. in 50/50 acetonitrile-pH 2.1 
phosphate. 

75 1H NMR, DMSO-d6, 300 MHz, partial, delta: 0.9 (triplets, 6H total, overlapping 1-2H-m), 1.0-1.85 (m, ca. 
20H), 2.76 (center of dd, 1H) f 2.9-3.5 (m), 3.74 (apparent d. 1H t J = ca. 1Hz). 4.14 (m, 2H), 4.27 (m 1H) 
6.60 (d, 1 H), 7.05-7.3 (m, 5H). 7.58 (t, 1 H), 7.98 (d, 1 H). 



20 EXAMPLE 16 

MorpholinocarbonylPheNva-nor-C-Sta-i-propyl ester (I, 2 = morpholinocarbonylamino: M = phenyl; Q = H; 
R2 = n-propy I; X = cyclohexyl; W = CH|||OH; and Z 1 = C02CH(CH 3 ) 2 ) 

25 A. L-Norvaline methyl ester hydrochloride 

Anhydrous hydrogen chloride was bubbled into a suspension of 2.0 g L-norvaline (Chemical Dynamics) 
in 50 mL anhydrous methanol at 0° for 15 min. The resulting solution was stirred at ambient temperature for 
18 h. The reaction mixture was concentrated in vacuo to a white solid which was recrystallized from 
30 ethanol/ether to afford 2.3 g of the desired methyl ester. 



B. N-(Morpholinocarbonyl)-L-phenylaianine-L-norvaline methyl ester 

35 To a solution of 0.50 g N-(Morpholinocarbonyl)-L-phenylalanine and 0.26 g L-norvaline methyl ester in 
10 ml anhydrous methylene chloride was added 0.22 mL triethylamine, 0.33 g 1 -hydroxy benzotriazole and 
0.38 g 1-(3-dimethylaminopropyl)-3-ethyl carbodiimide. The reaction was stirred at ambient temperature for 
16 h, afterwhich it was diluted with 50 mL ethyl acetate and washed (2x25 mL) 0.1 N hydrochloric acid 
solution and (2x25 mL) 0.1 N sodium hydroxide solution. The organic phase was dried over magnesium 

40 sulfate, filtered and concentrated in vacuo to afford 0.62 g crude dipeptide. 



C. N-(Morpholinocarbonyl)-L-phenylalanine-L-norvaline 

45 To a solution of 0.62 g N-(Morpholinocarbonyl)-L-phenylaianine-L-norvaline methyl ester in 40 mL 
methanol and 20 mL water was added 1.2 g potassium carbonate. The resulting mixture was stirred at 
ambient temperature for 60 h, afterwhich it was concentrated in vacuo to an aqueous solution and washed 
(3x50 mL) ether. The aqueous phase was acidified with 10 mL 4N hydrochloric acid solution and was 
extracted (3x25 mL) with methylene chloride. The combined extracts were dried over magnesium sulfate, 

so filtered and concentrated to afford 0.46 g crude acid. 



D. MorpholinocarbonylPheNva-nor-C-Sta-i-propyi ester 

To a solution of 0.13 g N-(morpholinocarbonyl)-L-phenylalanine-L-norvaline and 0.10 g 2(R)-hydroxy-3- 
(S)-amino-4-cyclohexylbutanoic acid 2-propyI ester (Example 17A) in 5 mL anhydrous methylene chloride 
was added 0.055 mL triethylamine. 0.060 g 1-hydroxybenzotriezole and 0.075 g 1-(3-dimethylaminopropyl)- 
3-ethyl carbodiimide. 
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The solution was stirred at ambient temperature for 16 h, afterwhich it was diluted with 40 mL ethyl 
acetate and washed with 2x25 mL 0.1 N hydrochloric acid solution and 2x25 mL 0.1 N sodium hydroxide 
solution. The organic phase was dried over magnesium sulfate, filtered and concentrated in vacuo . The 
residue was chromatographed on silica gel (29:1, CH 2 CI 2 :EtOH) to afford 0.17 g pure peptide (77%TnMR 
(300 MHz, CDCI3): 0.86 (m, 3H), 1.27 (d, J -8" Hz, 6H), 4.09 (m. 1H). 4.25 (m. 1H), 4.46 (m. 1H) 4 51 (m 
1H), 7.25 (m, 5H). ' V ' 



Example 17 

Morpho!inocarbonylPhe-S-methyl-Cysnor-C-Sta-i-propyl ester (I. 2 = morpholinocarbonylamino; M = phenyl- 
Q = H; R 2 = CHaSCHr ; X = cyclohexyl; W = CH-OH; and Z 1 = C02CH(CH 3 ) 2 ) 

A. 2(R)-Hydroxy-3(S)-amino-4-cyclohexylbutanoic acid. 2-propanol ester, hydrochloride 

Into an ice-cooled solution of 1.0 g N-t -butyloxycarbonyl-2(R)-hydroxy-3(S)-amino-4-cyclohexylbutanoic 
acid in 50 mL 2-propanol was bubbled anhydrous hydrogen chloride for 20 min. The solution was allowed 
to warm to ambient temperature and was stirred for 16 h. The solution was concentrated in vacuo and dried 
under high vacuum to afford 0.93 g of the desired amine hydrochloride ester. 



B. S-Methyl-L-cysteine methyl ester, hydrochloride 

An ice-cooled suspension of 2.5 g S-methyl-L-cysteine (Chemical Dynamics) in 25 mL anhydrous 
methanol was saturated with anhydrous hydrogen chloride, during which all materials dissolved The 
solution was allowed to warm to ambient temperature and was stirred for 20 h. The solution was 
concentrated in vacuo to a yellow solid, which was recrystallized from ether/ethanol to afford 3 0 g (87%) of 
the desired methyl ester-amine hydrochloride. 



C. N-(Morpholinocarbonyl)-L-phenylalanine-S-methyl-L-cysteine methyl ester 

To a solution of 0.96 g N-(morpholinocarbonyl)-L-phenylalanine 3 and 0.55 g S-methyl-L-cysteine 
methyl ester in 50 mL anhydrous methylene chloride at ambient~temperature was added 0 50 mL 
tnethylamine. 0.51 g 1-hydroxybenzotriazole and 0.70 g 1-(3-dimethylaminopropyl)-3-ethyl carbodiimide 
hydrochloride. After being stirred for 4 h. the solution was diluted with 100 mL ethyl acetate and was 
washed with 2x35 mL 0.1 N sodium hydroxide solution. The organic phase was dried over magnesium 
sulfate, filtered and concentrated in vacuo to afford 1.15 g of the desired solid dipeptide. 



D. N-(Morpholinocarbonyl)-L-phenylalanine-S-methyl-L-cysteine 

To an ice cooled solution of 1.15 g N-(morpholinocarbonyl)-L-phenylalanine-S-methyl-L-cysteine methyl 
ester in 30 mL water and 60 mL methanol was added 3.5 g potassium carbonate. The resulting mixture was 
stirred at 0° for 15 min. and at ambient temperature for 4 h. The solution was concentrated in vacuo to an 
aqueous solution, which was acidified with cone, hydrochloric acid and extracted 3x50 mL~rnltnylene 
chloride. The combined extracts were dried over magnesium sulfate, filtered and concentrated in vacuo to 
afford 1.0 g (89%) of the crude acid. — 



E. MorpholinocarbonylPhe-S-methyl-Cysnor-C-Sta-i-propyl ester 

To a solution of 0.43 g N-(morpholinocarbonyl)-L-phenylalanine-S-methyl-L-cysteine 5 and 0 34 g 2(R)- 
hydroxy-3(S)-amino-4-cyclohexylbutanoicacid 2-propanol ester in 20 mL anhydrous methylene chloride was 
added 0.17 ml triethylamine. 0.18 g hydroxybenzotriazole and 0.23 1-(3-dimethylaminopropyl).3-ethyl 
carbodiimide. The solution was stirred at ambient temperature for 16 h. after which it was diluted with 50 
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mL ethyl acetate and washed with 25 mL 0.1 N hydrochloric acid solution and 25 mL 0.1 N sodium hydroxide 
solution. The organic phase was dried over magnesium sulfate, filtered and concentrated in vacuo . The 
residue was chromatographed on silica gel (29:1 , CHsCteEtOH) to afford 0.42 g pure peptide 6 (62%) NMR 
(300 MHz, CDCI 3 ): 1.30 <2xd, 6H). 2.13 (s. 3H), 4.49 (m. 3H). 5.07 (m, 1H), 7.25 (m. 5H). 

EXAMPLE 18 

BenzimidazoIe-2-carbonylNlenor-C-Sta methyl ester (II, L=N; Rs=n-butyl; and Rs = OCH 3 ) 
A. benzimidazoie-2-carbonyl Norleucine benzyl ester 



According to the procedure for preparation of the product of Example 1C f 80 mg of benzimidazole-2- 
carboxylic acid and 110 mg of norleucine benzyl ester hydrochloride (product of Example 8a) gave after 
75 chromatography on silica gel eluting with -ethyl acetate-hexanes 110 mg of a solid which was recrystallized 
from 1 :7 ether-hexane giving 85 mg of a colorless solid. 



B. benzimidazoie-2-carbonyl Norleucine 

The product of Example 18A (82 mg) was dissolved in 15 mL methanol and 2 mL acetic acid and 
shaken with 50 mg 10% Pd/C under 50 p.s.i. hydrogen at 25 °C for 1 hour, filtered through Celite, 
concentrated, coevaporated with 3 mL added toluene (5x). and dried giving 48 mg of a yellowish solid. TLC 
Rf 0.35 in System C. 

C. 3(S)-amino-2(R)-t-butyldimethylsilyloxy-4-cyclohexylbutyric acid methyl ester 

Using the procedure for preparation of the product of Example 14B. 750 mg of the product of Example 
30 18B gave 500 mg of the title substance as a yellow oil. * 

D. benzimidazole-2-carbonylNlenor-C-Sta methyl TBDMS ether 

35 According to the procedure for preparation of the product of Example 1C, 65 mg of the product of 
Example 18C and 45 mg of the product of Example 18B gave 110 mg of crude product which was purified 
on silica eluting with ether-hexane giving 65 mg of a colorless foam. TLC Rf 0.52 in 1:1 System A. 

40 E. benzimidazole-2-carbonylNlenor-C-Sta methyl ester 

The product of Example 8D (60 mg) was dissolved in 3 mL 4N HCI-dioxane. After 45 minutes at 25°C 
the mixture was concentrated, the residue coevaporated with ether, dissolved in ethyl acetate, washed with 
aqueous sodium hydroxide, dried, concentrated and chromatographed on silica in ethyl acetate-hexane 
45 (1:1) giving 27 mg of yellow solid which was purified by preparative HPLC (1 cm C-8 column), eluting with 
7/3 acetonitrile-water. Ten (10) mg of the pure substance was thereby obtained, TLC Rf 0.55 on silica in 
ethyl acetate, HPLC 3.17 minutes in 70/30 acetonitrile-pH 2.1 phosphate. 

1H NMR, CDCfa, 300 MHz. partial, delta ppm: 0.83 (t. 3H), 3.80 (s. 3H). 4.10, 4.15, 4.29. 4.57 and 4 79 
(m, 1H ea), 7.25 (m, 2H), 7.33 (m, 2-3H), 7.50. 7.77 and 8.10 (d. 1H ea). 



EXAMPLE 19 
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Mo^hoiinocarbonyl^ Sodium Salt (I, Z = morpholinocarbonylamino; M = ph en yl; Q = H- R,= n - 

butyl; X=cyclohexyl: W = CH|||OH; and 2i= COzH) - 

The product of Example 8 (25 mg) was dissolved in 0.5 mL dioxane and treated at 25-C with 42 uL 1N 
5 sodium hydroxide solution. After 3 hours the mixture was concentrated to give the title substance tt a liaW 
yellow sohd (17 mg), HPLC 3.06 minutes in 60/40 acetonitrile-pH 2.1 phosphate buffer 9 

and \" oTiH D r 7 .^3^m; SIT ^ ^ * ^ ^ "* ^ 1H ™ 

TO 

EXAMPLE 20 

3-(S)-MorpholinocarbonylPheNorl e ucylamino)-2.(R).hydroxy.4.ph e nylbutyramide „ 
^ Z^morpholinocarbonylamino; M = phenyl; Q = H; R 2 = n-butyl; X = phenyl W=CH|||OH; and 2^CONH 2 ) 

According to the procedure for preparation and purification of the product of Example 1C 148 mo of 3- 



EXAMPLE 21 



25 



30 



35 



A. Boc nor-C-Sta amide TBDMS ether 



withTaToo/ U RhC ST? 1C ' ^l 4 ; 668 ' 769, (917 9) W3S disso,ved in 20 ° «"«- ^thano. and shaken 



B. nor-C-Sta amide hydrochloride 

The product of Example 21A (6.1 g) was dissolved in 15 mL 4N HCI-dioxane stirred ^ h™.« =♦ 
<o concentrated and coevaporated with added ether giving 3.00 g of a cotorteM oowder t£h w a<5 1°,* 
,n a minima, amount of ether, filtered, and dried to yieid" 2.70 g'of co£^ 

C. morpholinocarbonylPheNlenor-C-Sta-amide 

45 

According to the procedure for preparation and purification of the product of 1C i«;n mr, n t ^ ^ * 
of Example 21B and 248 mg of the product of Example 8C oave TSmn , J* 7« 9 7 6 Pr ° dUCt 
colorless powder. TLC Rf 0.30 in System C. 9 9 ° f the trt,e substance ^ a 

1H NMR. DMSO, 250 MHz, partial, delta ppm: 0.85 (t. 3H), 3.44 (m 4H) 3 73 ( m ihwk , 
so 4.30 (m. 1H), 5.64. 6.64 and 8.02 (d. 1H). 7.10-7 35 (m. aromatic). ( " 415 (m * 2H) ' 

EXAMPLE 22 

55 Benzimidazole-2-carbonylHisnor-C-Sta methyl ester (II. L = N; R 5 =imida Z ol-4-ylmethyl; Rs-OCHa) 
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A. diBocHisnor-C-Sta methyl ester TBDMS ether 

According to the procedure for preparation of the product of Example 1C t 750 mg of the product of 
Example „18C and 1.05 g of Boc-His(imBoc) gave 1.6 g of crude product which was chromatographed on 
5 silica eluting with ethyl acetate-hexane to give 932 mg of the title substance, TLC Rf 0.31 in 1:1 System A. 



B. Hisnor-C-Sta methyl ester dihydrochloride 

70 The product of Example 22A (400 mg) was dissolved in 2 mL dichloromethane. cooled to 0°C and 
treated with 3 mL trifluoroacetic acid. After 30 minutes at 0°C and 80 minutes at 30°C the mixture was 
concentrated and coevaporated with three portions of added 4N HCI-dioxane, then with added ether, and 
dried, giving 210 mg of a pale yellow solid. 

75 

C. benzimidazole-2-carbonylHisnor-C-Sta methyl ester 

According to the procedure for preparation and purification of the product of Example 1C t 205 mg of 
the product of Example 22B and 93 mg of benzimidazole-2-carboxylic acid gave 27 mg of a pale yellow 
20 solid which was chromatographed again on 1 g silica in 6% ethanol-dichloromethane giving 12 mg of 
product TLC Rf 0.44 in System D. HPLC 6.01 minutes in 60/40 acetonitrile-pH 2.1 phosphate. 

1H NMR, CDCh, 300 MHz, partial, delta ppm: 3.75 (s, 3H), 4.20 (br. 1H), 3.16 (m). 6.96 (s, 1H). 



25 EXAMPLE 23 

4-Methylpipera2inocarbonylPheNlenor-C-Sta-N.methylamide (I, Z=4-methylpiperazinocarbonylamino- 
M = phenyl; Q = H; R 2 =n butyl; X-cyclohexyl; W = CH|||OH; and 2 1 = CONHCH 3 ) 

30 A. 4-methylpiperazinocarbonylPhe benzyl ester 

The product of Example 7A (15.0 g) was dissolved in 100 mL dichloromethane and treated at 3°C with 
N-methylpiperazine. After 10 minutes (temperature rose to 20°C) the mixture was concentrated and the 
residue purified on silica gel (eluting with 5%~11% ethanol in dichloromethane) giving 181 g of a pale 
35 yellow oil. 



B. 4-methylpiperazinocarbonylPhe hydrochloride 

40 The product of Example 23A (18 g) was dissolved in 150 mL acetic acid and shaken with 3 g 10% Pd/C 
under 50 p.s.i. hydrogen for 45 minutes at 25°C, filtered through Celite, concentrated, the residue 
coevaporated with added toluene (2x). ether (2x) and dried giving 16.8 g of a colorless hygroscopic foam 
This was coevaporated three times with 30 mL 4N HCI-dioxane and dried giving 15.9 g of colorless crystals. 

45 

C. 4-methylpiperazinocarbonylPheNle benzyl ester 

According to the procedure for preparation and purification of the product of Example 1C except that 
2.5 equiv of triethylamine was used. 2.00 g of norleucine benzyl ester (8A) and 2.54 of the product of 
so Example 23B gave 2.34 g of a colorless white foam, TLC Rf 0.12 in System C. 



D. 4-methylpiperazinocarbonylPheNle 

The product of Example 23C (2.32 g) was dissolved in 20 mL of 10:1 methanol-acetic acid and shaken 
with 500 mg 10% Pd/C under 50 p.s.i. hydrogen for 1.5 hours at 25°C. filtered through Celite, coevaporated 
three times each with added toluene and ether, and dried giving 2.15 g of colorless solid. 
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E. 4-methylpiperazinocarbonylPheNlenor-C-Sta-N-methylamide TBDMS ether 

According to the procedure for preparation and purification of the product of Example 1C, 350 mq of 

hp. rlo? ^ amP l«n D 2 ° 1 , m9 ° f the Pr0duct of 14C 9 ave 235 m 9 of a colorless solid. 

HPLC 4.92 minutes in 70/30 acetonitrile-pH 2.1 phosphate. • 

F. 4-methylpiperazinocarbonylPheNlenor-C-Sta-N-methylamide 

The product of Example 23E (230 mg) was dissolved in 5 mL 4N HCI-dioxane at 25'C After 30 
Z n ZT«£? ^s** 8 concentrated at reduced pressure, the residue coevaporated several times with 
22? eth ! > r '. d . r , ,ed - fr rt urated Wlth ^her and dried giving 175 mg of a yellow solid. HPLC 3.92 minutes in 

tZZ^Z 2 " phosphate ' 1X0 Rf °- 08 in System D (the spotted plate bein9 exposed ™* 

8.08 1 (d. 1H ea) CDC ' 3 ' 3 °° MhZ " °*° ft ^ 2-59 (d " 3H) ' 382 (m ' 1H) ' 7m 762 and 

EXAMPLE 24 

MorpholinocarbonylPheNlenor-C-Sta ethyl ketone (I. Z=morpholinocarbonylamino; M« phenyl- Q = H- 
R2=n-butyl:X = cydohexyl; W = CH|||OH; and Z' = COCHjCHs) 

A. 5(S)-Bocamino-4(R)-benzyloxy-6-cyclohexyl-3(R,S)-hexanol 

with^mfS fJSH^Sl 5A ° f U - S - ^ 668 ' 769 ^ m0) W3S disSO,ved in 5 mL ethe ' and ^ated at 0-C 
with 1.45 mL of 2.8M ethylmagnes.um bromide in ether. After 20 minutes another 650 uL 2.8M ethylmaq- 

nesium bromide was added and after 30 minutes the solution was treated with 1 mL saturated TaquTous 
ammonium chloride. The mixture wad diluted with ether, extracted with in hydrochloric SHtartSS? 
e Sy^ZT ma9neSiUm SU ' fate ^ C ° nCentrated *** 530 ^ * • -cous oil. tIS S £t?S 

B. 5(S)-Bocamino-4(R)-ben2yloxy-6-cyciohexyl-3-hexanone 

35 

rhrnlv JS?**, °J ^ mp,e 24A < 525 m 9> was di ^^ in 5 mL ether and treated at 25«C with 1 0 mL of 
chromic aad solut.cn (Org. Syn. V, p. 310). After 1 hour ether was added and the solution was washed 

111 IT y ^°^ e S ° ,Utt0n ' brine> dried 0ver sodium sulfate - concentrated and the residue purified ^ 
^ silica elutang with 1 :7 ether-hexanes giving 250 mg of a colorless oil. TLC Rf 0.6 in 1:3 System A) 

C. 5(S)-amino-4(R)-benzyloxy-6-cyclohexanone hydrochloride 

<s 2B-C h !JS2££ t amP ' e H 24B ^ m9) WaS diSSOlV6d 3 mL 4N HC| -<*°xane. stirred 45 minutes at 
foam " 52 R T£ T ; es,d " e ^evaporated with added ether and dried giving 190 mg of a pale yellow 
foam, TLC Rf 0.58 in System C (the spotted substance exposed to NH 3 vapor prior to plate elution) 



20 



25 



30 



SO 



D. morpholinocarbonylPheNlenor-C-Sta ethyl ketone benzyl ether 

According to the procedure for preparation and purification of the product of Example 1C 95 ma of th» 



55 
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E. morpholinocarbonylPheNlenor-C-Sta ethyl ketone 

The product of Example 24D (120 mg) was dissolved in 3 mL of 2:1 methanol-acetic acid and shaken 
with 75 mg 10% Pd/C under 50 p.s.i. hydrogen for 20 hours at 25°C. the mixture filtered through Celite the 
filtrate concentrated, coevaporated 5x with added toluene. 5x with added ether, and dried givinq 100 ma of 
a light beige solid. HPLC 256 minutes in 70/30 acetonitrile-pH 2.1 buffer. TLC Rf 0.3 <ethyl acetate silica) 

1H NMR. CDCI 3 . 300 MHz, partial, delta ppm: 0.88 and 1.09 (t. 3H ea). 2.47 and 2.78 (da 1Hea> 3 10 
(m 2H). 3.17 and 3.64 (m. 4H ea). 4.13. 4.16 and 4.98 (m. 1H ea). 4.52 (m, 2H). 5.17 and 5^48 (d. 1H ea) 
7.1-7.35 (m. aromatic). h 

EXAMPLE 25 

MorpWin^ (l? Z = morpholinocarbonylamino; M = phenyl- G = hi- 

ts Ffc = imidazol-4-ylmethyi; X = cyclohexyl; W = CH|||OH; and Z' = CONHCH3 

A. diBocHis benzyl ester 



70 



20 



25 



35 



? C ( i mCl) W38 dissolved in 800 mL dr V and 43.9 g anhydrous potassium 

carbonate was added. The mixture was stirred in an ice bath and 37.8 mL benzyl bromide was added The 

e£l7Z nt * ^ °; C t a : d u a,,owed to wa ™ to 25 ' C anight, filtered through Celite (washing witt 
J^i ^rTT? residue dissolved in 700 mL ethyl acetate, and this solution washed with 
2 x 200 mL 1M l.thium chloride and 2 x 4M lightium chloride. 2 x 100 mL 1N NaOH. water, brine dried over 
magnes.um sulfate and concentrated to give an oily solid. This solid was stirred vigorously under 500 mL 
hexane. whereupon a crystalline mass formed which was pulverized in a mortar and washed with 2 x 100 
mL hexane at 25-C on the filter. The solid on drying weighed 120.5 g. mp 99-99.5'C TLC Rf 0 35 in 1-1 
System A, [a] D 25 - 6.4 (c - 1 .09. CHCfe). a> w *■ u. i lo ht 0.35 in 1 .1 

30 B. histidine benzyl ester dihydrochloride 

The product of Example 25A (92 mg) was dissolved in 400 mL of cold 4N HCI-dioxane and the resultino 
suspension was st,rred 24 hours at 25-C. Most of the liquid was decanted and the residue concentrated 
dned. washed 3x «rth ether and dried giving the title substance as a colorless solid in quantitative yieTS 
25 rose to + 6.4 (c = 2.865. MeOH) over 24 hours (reported. Org. Prep. Proc. Intl., 1970. 255 [a]° = =6 54 
under these conditions). The procedure illustrated by these examples is superior to that reported. 

C. morpholinocarbonylPheHis benzyl este/ 

According to the procedure for preparation of the product of Example 1C. 1.37 g of the product of 
Example 7C and I 1.21 g of the product of Example 25B gave 1.8 g a yellow foam (crude). This i was 

pH 2.1 phosphate) which was used without further purification. ' 

D. morpholinocarbonylPheHis(imBoc) benzyl ester 

The product of Example 25C (1.68 g) was dissolved in 30 mL dioxane and 15 mL water and the pH was 
adjusted to 11 with aqueous 1N sodium hydroxide. Di-t-butyldicarbonate (850 uL) was added and the pH 
was ma.nta.ned with added sodium hydroxide between 9 and 11. After 45 minutes 450 uL di-tbutyldica- 

sstLnr d . ed <pH maintained around 1 °- S) and after 15 hours totai the p h was -a— * b2E?n 

HCI. and the solubon was partially concentrated and then extracted with 4 x 100 mL ethyl acetate These 
extracts were washed with aqueous sodium hydroxide, bicarbonate, dried over sodium suSte 2d 
concentrated g.vng 1£5gof oily foam which was purified on silica eluting with a gradient of ethanol in 
d.chloromethane (2 to 8% EtOH). giving 1.05 g of a pale yellow foam. HPLC 310 minutes n 70*S 
acetonitrile-buffer. TLC Rf 0.13 (ethyl acetate, silica). 0 
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E. morpholinocarbonylPheHis 

The product of Example 25D (500 mg) was dissolved in 25 mL methanol and 2 mL acetic acid and 
shaken with 250 mg 10% Pd/C under 50 p.s.i. hydrogen for 45 minutes at 25°C, the mixture filtered through 
5 Ceiite. the filtrate concentrated, coevaporated with added toluene <3x), ether (4x) and dried giving 423 mg of 
a colorless solid, TLC Rf 0.3 in System C. 



70 



F. morpholinocarbonylPheHis(imBoc)nor-C-Sta-N-methylamide TBDMS ether 

According to the procedure for preparation and purification of the product of Example 1C, 140 mg of 
the product of Example 14C and 285 mg of the product of Example 25E, gave 223 mg of colorless foam 
HPLC 9.95 minutes in 70/30 acetonitrile-pH 2.1 buffer. 

75 

G. morpholinocarbonylPheHisnor-C-Sta-N-methylamide TBDMS ether 

The product of Example 25F (218 mg) was dissolved in 3 mL methanol at 25°C and treated with 10 mg 
anhydrous potassium carbonate. After 1 hour the mixture was concentrated giving 193 mg of a colorless 
20 solid, TLC Rf 0.06 in System C. 

H. morpholinocarbonylPheHisnor-C-Sta-N-methyl amide hydrochloride 

25 The product of Example 25G (185 mg) was dissolved in 3 mL 4N HCI-dioxane, stirred 1 hour at 25°C 
concentrated and coevaporated with added ether giving 150 mg of a colorless solid, HPLC 1.83 minutes in 
1:1 acetonitrile-pH 2.1 phosphate, TLC Rf 0.25 in System D (the spotted substance exposed to NH 3 vapor 
prior to plate elution). 

1H NMR, DMSO. 250 NMz, partial, delta ppm: 2.58 <d t 3H), 3.90. 4.12, 4.27 and 4.58 (m 1H ea) 6 87 
so 7.60, 7.82 and 8.33 (d, 1H ea), 7.13-7.34 (m, aromatic). 7.44 and 9.02 (s, 1H ea). ' ' 

EXAMPLE 26 

35 MorpholinocarbonylPheNlenor-C-Sta-dimethylamide (I, 2 = morpholinocarbonylamino; M = phenyl- Q = H 
R2=n-butyl; X = cyclohexyl; W = CH|||OH; and Z 1 = CONH(CH 3 ) 2 ) 

A. Bocnor-C-Sta-dimethylamide 

^0 According to the procedure for preparation of the product of Example 1C, 350 mg Boc nor-C-Sta 
(Example 1Q, U.S. 4,668,769) and 170 mg dimethylamine hydrochloride gave 405 mg of crude product 
which was purified on silica (1:2 ethyl acetate-hexanes) giving 310 mg of a colorless foam. 

45 B. nor-C-Sta-dimethyiamide hydrochloride 

The product of Example 26B (305 mg) was dissolved in 4mL HCI-dioxane. stirred 18 hours con- 
centrated, coevaporated with ether and dried giving 250 mg of a light yellow solid. TLC Rf 0.1 in system C. 



50 



C. morpholinocarbonylPheNlenor-C-Sta-dimethylamide 



According to the procedure for preparation of the product of Example 1C. 245 mg of the product of 
Example 26B and 472 mg of the product of Example 8C gave 325 mg of a colorless foam, HPLC 5 36 
55 minutes in 50/50 acetonitrile-pH 2.1 phosphate. 

1H NMR, CDCb, 300 MHz, partial, delta ppm: 0.86 (t, 3H),. 2.91 and 3.03 (s, 3H ea), 3.07 (m 2H) 3 45 
and 3.59 (m, 4H ea), 4.15 (m, 2H), 4.31, 4.36 and 4.52 (m, 1H ea), 5.00. 6.13 and 6.49 (d, 1H ea)' 7 08-7 26 
(m, aromatic). 
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EXAMPLE 27 

MorpholinocarbonylPheNlenor-C-Statone methyl ester (I. 2 = morpholinocarbonylamino; M = phenyl- Q = h 
R 2 =n-butyl; X=cyclohexyl: W = C = 0; 2i = C0 2 CH 3 

The product of Example 8D (100 mg) was dissolved in 0.4 mL dichloromethane and treated with 48 uL 
acetic anhydnde and 141 mg pyridinium dichromate. After 45 minutes the mixture was placed in a -20«C 
freezer, where it was stored for 18 hours. Ethyl acetate was added and the solution was washed with 1N 
HCI. aqueous sodium bicarbonate. 1N sodium hydroxide, brine, dried over sodium sulfate and concentrated 
g.v.ng 85 mg of colorless solid which was chromatographed on siiica eluting with ethanol-dichloromethane 
giving 44 mg of the title substance, TLC Rf 0.28 (ethyl acetate on silica) 

4 84 1 5 ^rt^TJS 1 ?;? 1 * ppm: 087 (t> 3H)i 362 < m - 4H) - 434, 4 - 51 and 509 < m ' 1H ea >- 

4.94. 6.57 and 6.77 (d. 1 H ea). 7.15-7.35 (m, aromatic). 
EXAMPLE 28 

Morp holi nocarborty I O-MeTyrNlenor-C-Sta ethyl ketone (I. Z = morpholinocarbonylamino; M-p-methox- 
yphenol: Q=H: R 2 =n-butyl; X = cyclohexyl; W = CH|||OH; Z 1 = COCHsCH3 

A. morpholinpcarbonyl O-MeTyrNlenor-C-Sta ethyl ketone benzyl ether 

According to the procedure for preparation and purification of the product of Example 1C. 150 mg of 
Morpho nocarbonyl O-MeTyr Nle and 97 mg of the product of Example 24D gave 140 mg of confess 
25 foam, TLC Rf 0.38 (ethyl acetate, silica). 9 coioriess 



75 



20 



B. morpholinocarbonyl O-MeTyrNlenor-C-Sta ethyl ketone 

30 v^J** ° f ^ P L 6 1 8A (128 m9> WaS disso,ved in 3 mL methano1 "d 1 ^ acetic acid and 

HS£ "r v* 30 m9 ? % y° " nd6r 50 P S L hydr ° 96n for 18 hours at 25 ° C - ™* «**»• wa^Ke^ed 
through Cehte concentrated, and the residue coevaporated with added toluene (5x) and ether (5x) giving 

Zo^ZZosZ^ ye " OW S0 ' idl ^ Rf °- 25 (6thyl HPLC 3 64 * ™ 

35 , omTon C *?hf° MHZ * Parti81, de,tB PPm: °" 90 and 111 <*• 3H ea >' 247 ™d 2-79 (dq. 1H ea) 3 04 

n^SSw&E?*" (s - 3H)> 413 - 416 - 425 and 4 - 35 **• 1H ea >- 4 - es - ™ - 

40 EXAMPLE 29 

MorpholinocarbonylPheNle 2(R.S).methyl-nor-C-Sta methyl ester (I, Z-morphoiinocarbonylamino* 
M - phenyl; Q = H; F*, = n-butyl; X -cyclohexyl; W - C(CH 3 )||| OH and C(CH 3 ) — OH; 2 1 = COCh") 

45 A. methyl 3 (S)-Boc amino-4-cyclohexyl-2-oxo-1 -methy lthio-1 -ylsulfoxide 

Methyl mettiylthiomethyl sulfoxide (8.2 mL) in 78 mL dry THF was cooled in an ice bath and treated 

dropw.se over 20 m.nutes with 49 mL 1.6 buty.lithium in hexane. After 45 minutes the solution was brought 

*„ tu? £ 8nd n treated dropw,se *•* a so,ution of Boc-hexahydro-L-phenylalanine methyl ester in 20 mL 

d^so.vtd e in 2 on ^ SO,Uti ° n W3S concen » ated * Pressure" and the residue" 

dissolved m 200 mL ether. Th.s solution was washed with water (4 x 30 mL). brine and dried over 

riT" k- f 1° ^ aqUe ° US ' ayerS m ° re brine was added ' and **> mi «» r ° »** e^cted with ethyl 
«T*J^lV n «r r ma9nesium sulfate - " irne °'9anic layers were combined and concentZd 

S5 SSS^S £££ 3"sTrm a A 9raPhed ° n SMiCa (6thy ' «— 0^ " 0 of a light 
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B. Boc-nor-C-Sta methyl ester 

. The product of Example 29A, 4.25 g was dissolved in 25 mL methanol at 0°C and treated with 2.86 g 
Iodine. After stirring 1 hour at 30°C, the mixture was poured into a stirred mixture of ice, 300 mL 10% 
aqueous sodium thiosuifate and 100 mL ethyi acetate. The organic layer was separated and the aqueous 
layer washed with ethyl acetate (4 x 50 mL). The organic layers were dried over magnesium sulfate, 
concentrated and chromatographed on silica (ethyl acetate-hexane), giving 980 mg of a yellow solid, TLC Rf 
0.32 (1:2 System C). Also obtained was 1.66 g of an oil, TLC Rf 0.45 in the same system, identified as 3(S)- 
t-Bocamino4-cyclohexyl-2-oxo-1 ,1 -dismethylthio-1 -methoxybutane. 



C. methyl 3-Bocamino-4-cyclohexyl-2(R,S)methyl-2-hydroxybutyrate 

A solution of 459 mg of the Rf 0.32 product of Example 29B in 2 mL ether at 0°C was treated with 1.92 
mL methylmagnesium bromide (1.9M in n-butyl ether). After 10 minutes at 0°C 1 mL saturated aqueous 
ammonium chloride was added. The mixture was extracted with ether which was washed with 1N HCI, 
aqueous sodium bicarbonate and brine, dried over magnesium sulfate, filtered, concentrated and the 
residue chromatographed on silica (ether-hexanes) giving 375 mg of a colorless solid. 



D. methyl 3-amino-4-cyclohexyl-2-(R,S)-methyl-2-hydroxybutyrate hydrochloride 

The product of Example 29C was dissolved in 3 mL 4N HCI-dioxane and stirred at 25° C. After 30 
minutes the mixture was concentrated and coevaporated with ether giving 275 mg of a yellow foam. 

E. morpholinocarbonylPheNle 2(R,S)-methyl nor-C-Sta methyl ester 

According to the procedure for preparation and purification of the product of Example 1C ( 255 mg of 
the product of Example 29E and 375 mg of the product of Example 8C gave 321 mg of a colorless solid, 
TLC Rf 0.68 in System C, HPLC 5.24 minutes (68%) and 5.51 minutes, 32% in 60/40 acetonitrile-water. The 
two components were separated by semipreparative HPLC (9.8 x 250 mm Zorbax C-8, 6.3 mL/min, 60/40 
acetonitrile-water, 254 nM detection) in ca. 20 mg injections giving 172 mg of the less-retained substanos 
and 97 mg of the more retained substance as colorless solids (HPLC in the analytical system above of 5.20 
and 5.53 minutes, respectively, each homogeneous (>98%)). 

The less retained substance by HPLC, 1H NMR, CDCb, 300 MHz, partial, delta ppm: 0.82 (t, 3H), 1 34 
(s, 3H), 3.04 and 3.13 (dd. 1H ea), 3.13-3.34 (m), 3.59 (m, 4-5H), 3.78 (s t 3H), 4.32 (m. 2H), 4.51 (m' 1H) 
•5.05 (m, 1 H), 6.36 (m, 1 H), 7.71 (m, 1 H), 7.14-7.35 (m, aromatic). 

The more retained substance by HPLC, 1H NMR, CDCb, 300 MHz, partial, delta ppm: 0.89 (t 3H) 1 39 
(S, 3H), 3.04 (dd, 1H), 3.60 (m, 4H), 3.76 (s, 3H), 3.92, 4.47 and 4.88 (m, 1H ea), 4.20-4.32 (m, 2H). 7.12- 
7.35 (m, aromatic). 



EXAMPLE 30 

MorpholinocarbonylPheN-alpha-MeNlenor-C-Sta ethyl ketone (I, Z = morpholinocarbonylamino; M= phenyl- 
Q = CH 3 ; R 2 = n-butyl; X = cyclohexyi; W = CH|||OH; Z 1 = COCH 2 CH 3 ) 

A. N-Boc-N-methyl-L-norleucine 

N-methyl-L-Norleucine (1.0 g) (J. Chem. Soc. 1968, p. 930) was dissolved in 11 mL DMF at 0°C and 
treated with 2.1 mL triethylamine followed by 1.74 mL di-t-butyl dicarbonate. The mixture was stirred at 0°C 
for 4 hours and then allowed to warm to 20°C overnight. The mixture was concentrated, dissolved in a 
mixture of aqueous saturated sodium carbonate and ethyl acetate. The aqueous layer was separated, 
washed with ethyl acetate and acidified with HCI in the presence of ethyl acetate. This organic layer was 
separated and combined with further ethyl acetate extracts of the aqueous layer, dried over magnesium 
sulfate and concentrated giving 1.17 g of yellow oil. 
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B. N-Boc-N-methyl-L-norleucine ben2yl ester — 

The product of Example 30A (750 mg) was dissolved in 7.5 mL dry DMF at 0°C and treated with 423 
mg anhydrous potassium carbonate and 364 uL of benzyl bromide. The mixture was stirred in a flask 
5 cooled in an ice bath which was allowed to warm to 20°C overnight. The mixture was diluted with ether, 
filtered through Celite. The filtrate was concentrated and the residue was dissolved in ethyl acetate which 
was washed with 10% aqueous lightium chloride (3x), 1N sodium hydroxide, brine, dried over magnesium 
sulfate and concentrated giving 942 mg of a yellow oil. 

10 

C. N-methyl-L-Norleucine benzyl ester hydrochloride 

The product of Example 30B (915 mg) was dissolved in 3.5 mL 4N HCI-dioxane and stirred at 25 °C for 
45 minutes. The mixture was concentrated and 727 mg of an off-white powder was thereby obtained TLC 
75 Rf 0.55 in System C. 



D. morpholinocarbonylPhe N-MeNle benzyl ester 

According to. the procedure for preparation and purification of the product of Example 1C. 370 mg of 
the product of Example 30C and 378 mg of the product of Example 7C gave 476 mg of an opaque oil TLC 
Rf 0.69 in System C. 



25 E. morpholinocarbonylPhe N-MeNle 

The product of Example 30E (468 mg) was dissolved in 10 mL methanol and 1 mL acetic acid and 
shaken with 100 mg 10% Pd/C at 25°C and 50 p.s.i. hydrogen for 1 hour, filtered through Celite. 
concentrated and coevaporated with added toluene, then ether and dried giving 365 mg of an off-white 
30 powder, TLC Rf 0.6 in System C. 



F. morpholinocarbonylPheN-MeNle nor-C-Sta ethyl ketone benzyl ether 

According to the procedure for preparation of the product of Example 1C, 78 mg of the product of 
Example 24D and 93 mg of the product of Example 30E gave 148 mg of an off-white foam which was used 
without further purification. 



40 G. morpholinocarbonylPhe N-MeNlenor-C-Sta ethyl ketone 

The product of Example 30F (142 mg) was dissolved in 10 mL methanol and 1 mL acetic acid and 
shaken with 150 mg 10% Pd/C at 25°C and 50 p.s.i. hydrogen for 20 hours, filtered, concentrated 
coevaporated with toluene, then ether, and dried giving 120 mg of an off-white foam. This material was 
45 chromatographed on silica (ethanol-dichloromethane gradient) giving 93 mg of colorless solid. TLC Rf 0.48 
in System C, HPLC 5.29 minutes in 70/30 acetonitrile-pH 2.1 phosphate. 

1H NMR, DMSO. 250 MHz. partial, delta ppm: 0.80 and 0.85 (t, 3H ea), 2.91 (s. NCH 3 ), 4.5 and 4.63 (m 
1H ea), 4.59 (m, 2H), 4.94, 5.39. 5.58, 6.62 and 8.00 (d. presumably NH resonances of different rotamers) 
7.15-7.38 (m. aromatic). 

so 



EXAMPLE 31 



MorpholinocarbonylPheNlenor-C-Sta methyl ketone (I, Z = morpholinocarbonylamino; M = phenyl- Q = hi- 
ss R 2 =n-butyl; X = cyclohexyl; W = CH|||OH; 2 1 = COCH 3 ) 
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A. 4(S)-Bocamino-3(R)-benzyloxy-5-cyclohexyI-2-pentanone 

3(SH-ButoxycarbonyIamino-2(R)-benzyloxy-4-cycIohexylbutyraldehyde (315 mg) was dissolved in 4 ml 
ether at 0°C and treated with 530 uL 1.9M methylmagnesium bromide in n-butyl ether. After 20 minutes 

s another 530 uL of the Grignard reagent was added and 10 minutes later the reaction was quenched with . 
saturated aqueous ammonium chloride and extracted with ether. The ether layers were washed with 1N 
NCI ( aqueous sodium bicarbonate, brine, dried over sodium sulfate and concentrated giving 580 mg of a 
yellow oil. This material wa dissolved in 5 mL ether and treated with 1 mL chromic acid solution (Org. Syn. • 
Coll. Vol. 5, p. 310). After 30 minutes the mixture was diluted with ether and washed with 1N sodium 

to hydroxide (4x5 mL), dried over magnesium sulfate, and concentrated to give 250 mg of a light yellow oil 
which was purified on silica gel (ether-hexanes) giving 125 mg of colorless oil, TLC Rf 0.24 (1:4 System B). 



B. 4(S)-amino-3(R)-benzyloxy-5-cyclohexyl-2-pentanone hydrochloride 

The product of Example 31 A (120 mg) was dissolved in 3 mL 4N HCI-dioxane and stirred at 25 °C for 
1.2 hours. The mixture was concentrated and the residue coevaporated 3x with added ether and dried 
giving 100 mg of a colorless foam, TLC Rf 0.22 (System C, the spotted plate exposed to ammonia prior to 
elution). 



C. morpholinocarbonylPheNlenor-C-Sta methyl ketone benzyl ether 

According to the procedure for the preparation and purification of the product of Example 1C, 95 mg of 
25 the product of Example 31 B and 150 mg of the product of Example 8C gave 180 mg of a pale yellow foam 
TLC Rf 0.30 (ethyl acetate, silica). 



D. morpholinocarbonylPheNlenor-C-Sta methyl ketone 

30 

The product of Example 31 C (180 mg) was dissolved in 3 mL methanol and 1 mL acetic acid and 
shaken with 10% Pd/C (180 mg) at 25 °C and 50 p.s.i. hydrogen for 24 hours. The mixture was filtered, 
concentrated, coevaporated with added toluene, and dried giving 160 mg of colorless foam which was 
chromatographed on silica (ethanol-dichloromethane gradient) giving 55 mg of a colorless solid, HPLC 3.37 
35 minutes in 70/30 acetonitrile-pH 2.1 phosphate. 

1H NMR. CDCfe, 300 MHz, partial, delta ppm: 0.86 (t, 3H), 2.17 (s, 3H), 3.05 and 3.09 (dd, 1H ea) 3 24 
and 3.59 (m, 4H ea), 3.89, 4.08, 4.15, 4.47 and 4.55 (m, 1H ea), 4.92, 6.11 and 6.48 (d, 1H ea), 7.13-7.35 
(m, aromatic). 



EXAMPLE 32 

MorpholinocarbonylPhe O-ETSernor-C-Sta N-rnethytamide (I, 2 = morpholinocarbonylamino; M = pheny|• 
Q = H; R 2 = C 2 H 5 OCH 2 ;X « cyclohexy I; W = CH||| OH; Z 1 = CONHCH 3 ) 

A. morpholinocarbonylPhe O-ETSernor-C-Sta N-methylamide TBDMS ether 

According to the procedure for preparation and purification of the product of Example 1C, 70 mg of the 
product of Example 14C and 75 mg of Morpholinocarbonyl Phe O-EtSer gave 50 mg of a colorless solid. 



B. morpholinocarbonylPhe O-ETSernor-C-Sta N-methyl amide 

The product of Example 32A (48 mg) was dissolved in 2 mL 4N HCI-dioxane and stirred 1 hour at 
25°C. The mixture was concentrated, and the residue was coevaporated with ether and dried giving 40 mg 
of a colorless solid, HPLC 3.46 minutes in 50/50 acetonitrile-pH 2.1 phosphate, TLC Rf 0.28 in System C. 



30 



BNSDOCID: <EP 0266950A2_I_> 



0 266 950 



1H NMR. DMSO-D6, 300 MHz, partial, delta ppm: 1.12 (t, 3H). 2.57 <d, 3H). 2.81 and 3.03 (dd. 1H ea) 
3.20 (m, 4H), 3.45 (m). 3.78 and 4.13 (m. 1H ea) 4.35 {m, 2H). 5.74, 6.68, 7.54 and 8.08 (d, 1H ea), 7 12- 
7.35 (m, aromatic). 



EXAMPLE 33 



MorpholinocarbonylPhNlenor-C-Sta i-propyl ketone (I, Z = morpholinocarbonylamino; M = phenyl; Q = H- 
R 2 =n-butyl; X=cyclohexyl; W = cyclohexyl; W = CH||| OH; and Z 1 = COCH(CH 3 )2) 

A. 5(S)-Bocamino-4(R)-benzyloxy-6-cyclohexyl-2-rnethyl-3-hexanone 

3(S)-t-Butoxycarbonylamino-2(R)-ben2yloxy-4-cyclohexylbutyraldehyde (400 mg) was dissolved in 3 mL 
ether at 0*C and treated with 1.17 mL isopropylmagnesium bromide (2.0 M in diethylether). After 20 
minutes another 0.6 mL of the Gringnard reagent was added followed 5 minutes later by 1 mL saturated 
aqueous sodium bicarbonate, brine, dried over magnesium sulfate and concentrated giving 350 mg of a 
clear, oil. This material was dissolved in 2 mL ether and treated with 2 mL chromic acid solution (Org. Syn 
Coll. Vol. V, p. 310) and after 30 minutes the mixture was extracted with ether which was washed with 
aqueous sodium hydroxide, brine, dried and concentrated to give 250 mg of a yellow oil which was purified 
on silica (ether-hexanes)giving 125 mg of a light yellow oil, TLC Rf 0.33 (1:4 System A). 



B. 5(s)-amino-4(R)-ben2yloxy-6-cyclohexyl-2-methyl-3-hexanone hydrochloride 

The product of Example 33A (120 mg) was dissolved in 2 mL 4N HCI-dioxane and stirred 1.2 hours at 
25°C. concentrated and the residue coevaporated with ether, giving 95 mg of a colorless solid, TLC Rf 0.4 
in System C (the spotted plate exposed to ammonia prior to elution). 



C. moipholinocarbonylPheNlenor-C-Sta isopropyl ketone benzyl ether 

According to the procedure for preparation and purification of the product of Example 1C, 95 mg of the 
product of Example 33B and 136 mg of the product of product 8C gave 160 mg of colorless foam HPLC 
3.56 minutes in 85/15 acetonitriie-water. 



D. morpholinocarbonylPheNlenor-C-Sta i-propyl ketone 

The product of Example 33C (155 mg) was dissolved in 3 mL methanol and 3 mL acetic acid and 
shaken with 155 mg 10% Pd/C for 18 hours at 25 'C. filtered through Celite. concentrated, the residue 
coevaporated with toluene and ether and dried giving 100 mg of a pale yellow solid, TLC Rf 0 40 (ethvl 
acetate-silica). * 

1H, NMR. CDCb, 250 MHz, partial, delta ppm: 0.87 (t. 3H), 1.08 and 1.12 (d. 3H ea). 3.09 (m 2H) 3 62 
(m, 4H), 4.15 (m. 1 H). 4.32 (s. 1 H), 4.99. 6.38 and 6.51 (d, 1H ea). 7.15-7.37 (m, aromatic). 



EXAMPLE 34 



MorpholinocarbonylPhNlenor-C-Sta i-butyl ketone (I, Z = morpholinocarbonylamino: M = phenyl- Q = H- 
R 2 =n-butyl; X= cyclohexyl; W= CH||| OH; and Z 1 = COCHaCHfCHaW 

A. 6(S)-Bocamino-5(R)-benzyloxy-6-cyclohexyl-2-methyl-4-hexanone 

3(S)-t-Butoxycarbonylamino-2(R)-benzyloxy-4-cyclohexylbutyraldehyde (1.00 g) was dissolved in 10 mL 
ether at 0-C and treated with 1.6 mL 2.0M ethereal isobutylmagnesium chloride. After 30 minutes another 3 
mL Gngnard reagent was added and the solution warmed to 25°C. After another hour, the mixture was 
quenched with aqueous ammonium chloride solution and extracted with ether. The ether was washed with 
brine, dned over sodium sulfate and concentrated giving 1.02 g of a clear oil. This material was dissolved in 
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20 mL ether and treated with 5 mL chromic acid solution (Org. Syn.. V. p. 310). After being stirred at 0°C 
for 1 hour and 25 °C for 30 minutes, the mixture was diluted with ether and washed with 1N sodium 
hydroxide, brine, dried over magnesium suJfate, concentrated and the crude product purified on silica 
(ether-hexane) giving 440 mg of colorless oil, TLC Rf 0.33 in 1:3 System B. 
s - 

B. 6(S)-amino-5(R)-benryloxy-7-cyclohexyl-2-methyl-4-hexanone hydrochloride 

The product of Example 34A (430 mg) was dissolved in 3 mL 4N-HCI-dioxane and stirred 1.2 hours at 
to 25°C, concentrated, thrice coevaporated with ether and dried giving 325 mg of a colorless solid, TLC Rf 
0.29 in System C (spotted plate exposed to ammonia prior to elution). 

C. morpholinocarbonylPheNlenor-C-Sta i-butyl ketone benzyl ester 

15 

According to the procedure for preparation and purification of the product of Example 1C 150 mg of 
the product of Example34B and 207 mg of the product of Example 8C gave 280 mg of colorless foam. 

20 D. morpholinocarbonylPheNlenor-C-Sta i-butyl ketone 

The product of Example 34C (300 mg) was dissolved in 10 mL 1:1 methanol-acetic acid and shaken 
wrth 300 mg 10% Pd/C for 18 hours at 25°C and 50 p.s.i. hydrogen. The mixture was filtered through 
Celite. the filtrates concentrated and coevaporated with added toluene, and -the residue chromatographed on 
25 silica (ethanol-dichloromethane gradient) giving 180 mg of colorless solid, HPLC 4.40 minutes in 70/30 • 
acetonitrile-pH 2.1 phosphate, TLC Rf 0.31 (ethylacetate-silica). 

1H NMR, CDCfe, 300 MHz, partial, delta ppm: 0.84 (t, 3H), 0.90 and 0.92 (d, 3H ea). 2.10 (septet 1H> 
2.38 and 2.53 (dd, 1H ea), 3.04 (m. 2H). 3.26 and 3.58 (m, 4H ea). 4.06 (s, 1H). 4.22. 4.52 and 4 60 (m 1H 
ea). 5.26, 6.57 and 7.00 (d, 1 H ea), 7,1-7.3 (m. aromatic). ' 

30 

EXAMPLE 35 

MorpholinocarbonylPhNlenor-C-Sta methoxyamide (I. 2 = morpholinocarbonylamino; M= phenyl- Q«H- 
as R2=n-butyl; X=cyclohexyl; W = CH||| OH; and Z' = CONHOCH3) ' 

A. Boc nor-C-Sta methoxyamide 

^ h H A °M rd L n9 \*ZL procedure for P re P ar ation of the product of Example 1C. 54 mg of methoxyamine 
40 hydrochlor.de and 98 mg of Boc nor-C-Sta (product of Example 1Q, U.S. 4.668.769) gave 102 mq of crude 
product which was purified on silica (ethyl acetate-hexanes) giving 40 mg of the title substance. 

B. nor-C-Sta methoxyamide hydrochloride 

The product of Example 35A (38 mg) was stirred in 2 mL 4N HCI-dioxane at 25»C for 1 2 hours and 
concentrated to a colorless solid which was washed thrice with ether giving 25 mg of solid. 

so C. morpholinocarbonylPheNle N-hydroxysuccinimide ester 

° f B(amp,e 8A (1 -° 5 9) was disso,ved in 5 dimethoxyethane and treated at 0"C with 
350 mg N-hydroxysuccinimide and 573 mg of dicyclohexylcarbodiimide and stirred overnight in an ice bath 

s , WaS +h T d + 10 Warm t0 18 " C - The miXtUre W3S filtered ' the fi,tered solid wash ^ with dimethox- 

55 yethane, the filtrates concentrated, and the residue suspended in ethyl acetate. The ethyl acetate 

suspension was washed with saturated aqueous sodium bicarbonate, brine, dried over magnesium sulfate 

and concentrated to give 960 mg of a colorless foam 
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D. morpho!inocarbonylPheNlenor-C-Sta methoxyamide 

The product of Example 35B (23 mg) was dissolved in 0.3 mL dimethoxyethane and treated sequen- 
tially at 25°C with 12 uL triethylamine and 42 mg of the product of Example 35C. More dimethoxyethane 
(200 ul) and 200 uL dichloromethane was added and the mixture was stirred 22 hours, dissolved in 30 mL 
ethyl acetate, washed with 2 x 1 mL 1N HCI, 2 x 2 mL saturated aqueous sodium bicarbonate, dried over 
magnesium sulfate, concentrated and chromatographed on silica (ethanol-dichloromethane gradient) giving 
45 mg of a colorless solid. TLC Rf 0.5 in System C, HPLC 2.84 minutes in 60/40 acetonitrile-pH 2.1 
phosphate. 

1H NMR, CDCb, 250 MHz, partial, delta ppm: 0.89 (t, 3H), 3.02 (dd, 1H), 3/I4 (m), 3.62 (m. 4H), 3.77 (s 
3H), 4.35, 4.60 and 5.01 (m, 1H ea), 7.13-7.38 (m, aromatic), 9.57 (s, 1H). 



EXAMPLE 36 

MorpholinocarbonylPheNlenor-C-Statol (I, Z= morpholinocarbonylamino; M = phenyl; G = H* R 2 =n-butyl- 
X = cyclohexyl; W = CHfflOH; and Z 1 = CH 2 OH) 

A. 3<S)-amino-2(R)-benzyloxy-4-cy clohexyl-1 -butanol 

3(S)-t-Butoxycarbonylamino-2(R)-benzyloxy-4-cyclohexyl-1-butanol (108 mg) (U.S. 4,668.769). Example 
1J was dissolved in 0.5 mL ether and cooled to 0°C. Into this solution was introduced excess anhydrous 
HCI and the solution was stirred at 25°C for 2 hours and concentrated giving 88 mg of colorless solid TLC 
Rf 0.28 in System A. 



B. 3(SHmorpholinocarbonylPheNleamino)-2(R)-benzyioxy-4-cyclohexyl-1-butanol 

The product of Example 36A (85 mg) was dissolved in 500 uL dimethoxyethane and treated sequen- 
tially at 0°C with 38 uL triethylamine and 132 mg of the product of Example 35C. After 18 hours, the 
mixture was concentrated and chromatographed on silica (ethyl acetate-hexanes) giving 139 mg of a 
colorless solid. TLC Rf 0.25 (ethyl acetate-silica). 



C. morpholinocarbonylPheNlenor-C-Statol 

The product of Example 36B (80 mg) and 90 mg of 10% Pd/C were mixed in 5 mL methanol and 5 mL 
acetic acid and shaken at 48 p.s.i. hydrogen and 25°C for 21 hours. The mixture was concentrated and the 
residue was chromatographed on silica (ethanol-dichloromethane gradient) giving 64 mg colorless solid. 
TLC Rf 0.5 in System C. HPLC 4.95 minutes in 50/50 acetonitriie-water. 

1H NMR CDCb. 250 MHz, partial, delta ppm: 0.92 (t, 3H), 2.94 (dd. 1H), 3.09-3.72 (overlapping m) 
4.12-4.37 (m, ca. 3H). 4.79, 6.28 and 6.93 (d, 1 H ea), 7.20-7.48 (m, aromatic). 



EXAMPLE 37 

MorpholinocarbonylPhe S-MeCysnor-C-Sta i-butyl ketone (I. Z = morpholinocarbonylamino; M = phenyl- 
Q = H; R 2 = CH3SCH3; X = cyclohexyl; W = CH|||OH; and Z 1 = COCH2CH(CH 3 )2) 

A. morpholinocarbonylPhe S-MeCysnor-C-Sta i-butyl ketone benzyl ether 

According to the procedure for preparation and purification of the product of Example 1C, 120 mg of 
the product of Example 34B and 129 mg of Mor-Phe-SMeCys gave 114 mg of a colorless powder TLC Rf 
0.58 in System C. 
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B. morpholinocarbonylPhe S-MeCysnor-C-Sta i-butyl ketone 

hi^/l P pA^ C \ 0f 3?A (95 m9) W8S diSS0lved in 1 -° mL formic and 100 mg of palladium 

»nn J , } W3S Sdded - Aft6r Stirri " 9 6vemight the mixture was filtered *rw«h Celite, concentrated 
IZnTr, T COe : aporated , with toluene and dried giving 97 mg of a tan oil which was purified on 
sihca (ethanol-d,chlorometha n e grad.ent) giving 23.5 mg of colorless powder, TLC Rf 0.65 in System C 
3.65 minutes by HPLC in 70/30 acetonitrile-pH 2.1 phosphate. 

1H NMR, CDCb, 300 MHz, partial, delta ppm: 0.90 and 0.92 (d, 3H ea). 2.10 (s, 3H) 214 teeDtet 1H> 

W 2 .f;« 6 , 5, T' 3 00 ^ 314 (dd ' 1H ea) ' 3 - 14 " 3 - 37 < m >' 3 - 60 W 3-97 4*5 and 5£* 'ft 
ea). 4.41 -4.56 (m, 2H). 6.76 and 6.86 (d, 1 H ea), 7.1 4-7.36 (m. aromatic). 

EXAMPLE 38 

BocPhe S-MeCysnor-C-Sta i-propyl ester (I, Z= t-(CH 3 ) 3 COCONH; M = phenyl; Q = H- R^CH^Chh- 
X = cyclohexyl;W = CH|||OH ; andZ^=CO a CH{CH 3 ) 2 ) P enyi, u M. H 2 CH3SCH3. 

BocPhe S-MeCys 

andlr^^S? 6 '" 6 ( *f. l g ll " asdisso,ved in 65 mL ° f ^turated aqueous sodium bicarbonate at 25»C 
h»if -T add9d - Th,S SOlution was treated in one P° rtio " with 12.0 g of N-t-boc-L-phenylalanine 

hydroxysuccinimide ester. After 30 minutes the solution was transferred to a separatory funnel and washS 

s e ^r 0 e i yl ac r tate - A fresh portion ° f ethyi acetate was added and the sssiT! 

SLTSi 9 ^ Separated and the a " ueous 'aver was extracted with ethyl acetate (4x). The 

™ 2T d ° rgan ' C ,a rr W6re washed with 1N H CI, brine, dried over magnesium sulfate anS 

concentrated giving 12.0 g of a colorless foam. 

B. BocPhe S-MeCysnor-C-Sta i-propyl ester 

1 57l°?i C n S i eSt9 !, (1 ° 9) W3S diSS0 ' Ved in 20 mL di ch'°romethane and treated sequentially with 

IS mi tt T£l V\ EXamP ' e 38A> 945 m9 <1 - 5 equiV > ° f "y^oxybenzotnazote hydrate 

788 mg (1.0 equ.v) 1-(3-dimethylam.nopropyl)-3-ethyl-carbodiimide hydrochloride (DEC) The reaction - 
m.xture was stirred in an ice bath which was allowed to reach 18'C overnight The mixtuiTwS 
concentrated, the residue dissolved in ethyl acetate and the resulting solution washed twTce wTTn HC? 
twice with 1N NaOH once with brine, dried over magnesium su.fate^nd concert to ^a coZs s 
ST^I^^ifl^ "> **« 1- « of the ttte substance^raSot;; 
1H. NMR. CDCI3, 300 MHz, partial, delta ppm: 0.94 (m), 1.29 and 1.30 (d 3H eal 13 9 /s »n ,1, 

EXAMPLE 39 

Phe S-MeCysnor-C-Sta i-propyl ester (I, 2=NH 2 ; M = ohenvl- Q-H- n,-r-uc/-u v , , 
W=CH|||OH;and2'=COdCH(CH3) 2 ) V ' R2 - CH3SCH * x - cyclohexyl; 

40 ^Z^T ° f f Xamp,e 388 (500 m 9> ^s dissolved in 3 mL 4N HCI-dioxane and stirred at 25"C for 
40 minutes. The m.xture was concentrated and the residue coevaporated with ether oivino 460 m J; 

SE£ (substance was treated with 

then applied to the TLC plate). HPLC 4.05 minutes in 50/50 acetonitrile-pH 2.1 buffer 

1H NMR. DMSO. 250 MHz, partial, delta ppm: 1.20 (overlapping d. 6H). 2.11 (s 3H) 2 55 (2 82 2 
T?8 (br ■££ ^ ea> ' 4 -° 1 ' 4 08 ' 4 ^ ^ (m ' 1H ea) ' 7 30 <* -™tic> 5.38, 7^ 8 89 id.^H ea) 



EXAMPLE 40 
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4-PicolinoylPhe-S-MeCysnor-C-Sta i -propyl ester (I. Z = 4-picolinoylamino; M = phenyl; Q = H; R 2 =CH 3 SCH r 
• ; X = cyclohexyl; W = CH|||OH; and Z 1 = C02CH(CH 3 )2) 

According to the procedure for preparation and purification of the product of Example 38B. with the 
s exception that 1 .05 equiv triethylamine (54 uL) was used to neutralize the starting amine hydrochloride, 200 
mg of the product of Example 39 and 45 mg of pyridine-4-carboxylic (picolinic) acid gave 157 mg of a 
colorless powder, TLC Rf 0.52 in System C, HPLC 7.10 minutes in 50/50 acetonitrile-pH 2.1 phosphate. 

1H NMR, DMOS, 250 MHz, partial, delta ppm: 1.18 and 1.20 (d, 3H ea), 2.09 (s, 3H), 2.60, 2 80 and 
3.14 (dd, 1H ea), 4.00, 4.22, 4.49 and 4.78 (m, 1H ea). 4.87 (septet. 1H), 5.35, 7.18, 8.42 and 8 90 (d 1H 
io ea), 7.26 (t. 2H), 7.37 (d. 2H), 7.67 (d. 2H). 8.70 (d, 2H). 



EXAMPLE 41 



is 4-t-BocpiperazinocarbonylPhe S-MeCysnor-C-Sta i-propyl ester (I. 2 - 4-t-Bocpiperazinocarbonyl-amino- M- 
phenyl; Q = H; R 2 CH 3 SCHj-; X= cyclohexyl; W = CH|||OH; and 2' = COiCHfCHsfe) 

A. 4-t-BocpiperazinocarbonylPhes-MeCys methyl ester 

so According to the procedure for preparation of the product of Example 38B. 245 mg of S-methyl- 
cysteine methyl ester and 500 mg of Boc-piperazinecarbonyl-L-phenylalanine gave 547 mg of a colorless 
foam which was used without further purification. 



as B. 4-t-BocpiperazinocarbonylPhe S-MeCys 

The product of Example 41 A (467 mg) was dissolved in 1 mL dioxane and 0.5 mL water at p°C and 
treated with 33 mg lithium hydroxide. After 2.5 hours the mixture was concentrated, the residue dissolved in 
water and the resulting solution extracted with ether. Ethyl acetate was added to the aqueous layer vhfa* 
so was brought to pH 1 with 1N HCI. extracted with ethyl acetate (4x). the extracts washed with water anO 
dned over magnesium sulfate giving 417 mg of a colorless solid. 



C. 4-t-BocpiperazinocarbonylPhe S-MeCysnor-C-Sta i-propyl ester 

According to the procedure for preparation and purification of the product of Example 36B. 100 mg of 
nor-C-Sta isopropyl ester and 203 mg of the product of Example 41 B gave 182 mg of colorless solid TLC 
Rf 0.49 (ethyl acetate/silica). 

1H NMR, CDCb, 250 MHz. partial, delta ppm: 1.26 and 1.27 (d. 3H ea). 1.45 (s, 9H), 2.10 (s 3H) 2 73 
(dd, 1H). 3.00 (m, 2H), 3.27 and 3.36 (m. 9H total). 3.77 (d. 1H). 4.10 (dd. 1H). 4.44 (m. 1H) 4 81 fd' 1H) 
5.07 (septet, 1 H). 6.84 and 6.93 (d. 1 H ea). 7.18-7.39 (m. aromatic). ' 



EXAMPLE 42 



PiperazinocarbonylPhe S-MeCysnor-C-Sta i-propyl ester (I, 2 = piperazinocarbonylamino: M = phenyl; Q = H- 
Rz = CH3SCH2-; X = cyclohexyl; W = CH|||OH; and Z 1 = COzCHfChbfc) 

The product of Example 41 (33 mg) was dissolved in 2 mL 4N HCI-dioxane and stirred at 25°C for 50 
minutes, concentrated and the residue coevaporated with ether giving 31 mg of an off-white powder. TLC Rf 
0.2 in System C (spotted plate exposed to ammonia prior to elution). HPLC 2.98 minutes in 50/50 
acetonitrile-pH 2.1 phosphate. 

1H NMR. DMSO, 250 MHz, partial, delta ppm; 1.18 and 1.20 (d. 3H ea). 2.10 (s. 3H). 4.00 and 4 21 (m 
1H ea), 4.40 (m. 2H), 4.85 (septet. 1H), 5.33. 6.90. 7.63 and 8.22 (d. 1H ea). 7.13-7.33 (m, aromatic). ' 



EXAMPLE 43 
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MorpholinocarbonylhexahydroPhe S-MeCysnor-C-Sta i-propyl ester (I, 2 = morpholinocarbonylamino; 
M = cyclohexyl; Q = H; R2=CH 3 SCH2-; X = cyclohexyl; W = CH|||OH; and Z' = C0 2 CH(CH 3 ) 2 ) 

A. morpholinocarbonylhexahydro-L-phenylalanine 

6 

The product of Example 7C (4.0 g) was dissolved in 55 mL 10:1 methanol-acetic acid and shaken with 
1.0 g 10% Rh/C under 50 p.s.i. hydrogen at 25°C for 3.5 hours. The mixture was filtered through Celite 
concentrated, and coevaporated with ether .giving 4.15 g of a colorless foam which was purified on silica 
(packed and loaded in ethyl acetate, eluted in the same followed by an ethanol-dichloromethane gradient) 
w giving 704 mg of a colorless foam, TLC Rf 0.4 



is 



20 



25 



30 



B. morpholinocarbonylhexahydroPhe hydroxy succinimide ester 

The product of Example 43A (700 mg) was dissolved in 5 mL dimethoxyethane and treated sequentially 
at 0«C with 283 mg N-hydroxysuccinimide and 507 mg dicyclohexylcarbodiimide. The reaction mixture was 
allowed to warm to 18»C overnight, filtered, concentrated, the residue dissolved in ethyl acetate which was 
washed twice with saturated aqueous sodium bicarbonate, brine, dried over magnesium sulfate and 
concentrated giving 704 mg of a colorless foam. 

C. morpholinocarbonylhexahydroPhe S-MeCys 

S-methylcysteine (442 mg) was dissolved in 4.6 mL saturated aqueous sodium bicarbonate and 2.5 mL 
of THF was added followed by 890 mg of the product of Example 43B. After stirring 20 minutes at 25»C the 
mixture was diluted with water, washed twice with ethyl acetate and brought to pH 1.1 with 1N HCI in the 
presence of ethyl acetate. The organic layer was separated, the aqueous layer was extracted with four 
portions of ethyl acetate, the combined organic layers were washed twice with 1N HCI. brine dried over 
magnesium sulfate and concentrated giving 796 mg of a colorless foam. 

D. morpholinocarbonylhexahydroPhe S-MeCysnorC-Sta i-propyl ester 

According to the procedure for preparation and purification of the product of Example 38B. 94 ma of 

t?!^ o?noo 0P o Py ' ^ a " d 170 mQ ° f ** product of Exam P ]e 430 9 ave 17 8 mg of colorless powder 
TLC Rf 0.83 m System C. HPLC 4.16 minutes 70/30 acetonitrile-pH 2.1 phosphate 

1H NMR, CDCb, 250 MHz, partial, delta ppm: 0.93 (m. 4H). 1.26 and 1.27 (d. 3H ea). 2.13 (s 3H) 2 76 

wjftsjsr 370 ,m - 4H> - 408 ,h> ' *- ,m - ,h) - * h >- * « « 

EXAMPLE 44 

~ R 0 !ou P <^u, S ' , !! ,eCyS ?T C " Sta i ' Pr ° Pyl 6Ster (l ' 2 = B °cpyrrolidyl-2-carbonylamino; M-phenyl; Q = H- 
46 Rz= CH 3 SCHr;X = cyclohexyl; W = CH|||OH; and 2i = C02CH(CH3)2) 

According to the procedure for preparation and purification of the product of Example 38B, except that 
I eq 7;I °I trieth y |amine *> neutralize the amine hydrochloride, 233 mg of the product of 

T£ JL mg ° f boc - L "P roline 9ave 237 mg of colorless powder. TLC Rf 0.66 in System C 

anri Tu 31 f 5 ? MH2 ' Partial ' dSlta PPm: 1 - 27 and 129 < d ' 3H ea >» 148 m. 2.13 (s. 3H), 2.67 

and 3 04 (dd. 1H ea) 4.44 (m. 1H). 4.62 (m, 2H). 5.07 (septet. 1H), 6.42 and 6.60 (d. 1H). 7 1-74 (m 



40 



50 



55 EXAMPLE 45 



36 

BNSDOCID: <EP 0266960A2J_> 



0 266 950 



10 
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ProPhe S-MeCysnor-C-Sta i-propyl ester hydrochloride (I, 2 = (s)-2-pyrrolidylcarbonylamino; M = phenyl- 
Q = H; R 2 = CHaSCHr; X = cyclohexyl; W = CH|||OH; and 2 = C0 2 CH(CH 3 ) 2 ) 

The product of Example 44 (124 mg) was dissolved in 3 mL 4N HCI-dioxane and stirred at 25°C for 40 
minutes. The mixture was evaporated giving 114 mg of a pale yellow powder, TLC Rf 0.39 in System C (the 
spotted plate was exposed to ammonia prior to elution). 

1H NMR. DMSO. 250 MHz. partial, delta ppm: 1.27 and 1.29 (d. 3H ea). 2.09 (s. 3H). 2.56 (dd 1H) 
4.00. 4.08. 4.22, 4.47 and 4.64 (m. 1H ea), 4.85 (septet. 1H). 5.37. 7.73, 8.41 and 8.78 (d, 1H ea). 7.13-7 33 
(m. aromatic). 

EXAMPLE 46 

O-Succinoyl morpholinocarbonylPhe S-MeCysnor-C-Sta i-propyl ester (I, 2 = moroholinocarbonylamino; 
M = phenyl; Q = H; R^CHsSCHr; X = cyclohexyl; W = CHMOCCXCH^C^H; and 2' = COzCHfCHa)^ 

The product of Example 17E (101 mg) was dissolved in 0.8 mL dichloromethane and treated with 16 
mg of succinic anhydride and 13 uL pyridine. After stirring 18.5 hours at 25 "C 20 mg 
dimethylam.nopyridine was added. Four hours later 40 mg succinic anhydride was added. After stirring an 
additional 20 minutes the mixture was diluted with ethyl acetate and washed three times with 1N HCI brine 
dried over magnesium sulfate, concentrated and chromatographed on silica ©luting first with ethyl acetate 

l^r^oo? % ethan °' dichlorome t ha ne. giving 59 mg of colorless powder. TLC Rf 0.1 (ethyl acetate, silica 
HPLC 2.84 minutes in 70/30 acetonitrile-pH 2.1 phosphate. 

1H NMR. CDCI3. 300 MHz. partial, delta ppm: 0.94 (m). 1.24 and 1.27 (d. 3H ea), 2.10 (br 3H) 2 64- 

ilJ^' 4H)> 4-23 ' 4 53 467 (m " 1H ea) * 4 - 96 (br ' 1H >> 498 < se P tet - 1H >- 5.14 (br, 1H). e'.65 (d 
1H), 7.16-7.39 (m. aromatic). • 
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EXAMPLE 47 

MorpholinocarbonylPhe N-MeNlenor-C-Sta i-propyl ester (I, 2 = morpholinocarbonylamino; M= P henyl: 
Q = CH 3 ; R 2 = n-buty I; X = cyclohexyl; W = CH|||OH; and 2' = COzCHfCHsfc) 

According to the procedure for preparation and purification of the product of Example 38B. 76 mo of 
2,°/^?* 'f° propyl ester and 126 m 9 of the Product of Example 30E gave 117 mg of colorless foam TLC 
Rf 0.68 in System C. The desired product of this mixture was isolated by preparative HPLC on a 9 8 x 250 
mm 2orbax C-8 column. 6.3 mL/min of 75/25 acetonitrile-water. ret. time 5.61 minutes, separated from an 
undesired inactive component at 6.42 minutes. Colorless foam (60 mg) was thus obtained, analytical HPLC 
4.98 minutes in 75/25 acetonitrile-water. 

. VU? ^5" °. C ! Cl3 ' 250 MHZ ' Partial> d9lta Ppm: °- 83 (t> 3H >' 1 -23 and 1.26 (d, 3H ea). 2.70 (s. 3H). 2 95 

?S?h m? \ 5ff ) ;!ff^- 45 (m> 4H)> 3 - 65 (m> 4H) ' 402 and 4 - 05 < d ' 1H total). 4.95 (m. 2H). 5.15 and 
7.75 (d. 1H ea), 7.14-7.38 (m, aromatic). 



45 EXAMPLE 48 

PiperidinocarbonylPhe S-MeCysnor-C-Sta-i-propyl ester (I. 2 = piperidinocarbonylamino; M- phenyl: Q = H- 
R 2 = CH3SCH2-; X = cyclohexyl; W = CH|||OH; and 2' = C0 2 CH(CH3)2) 

so A. piperidinocarbonylPhe benzyl ester 

The product of Example 7A (1.74 g) was dissolved in 13 mL dichloromethane and treated with 0.61 mL 
p.peridine at 0»C. After 15 minutes 0.1 mL piperidine was added and the solution was evaporated and the 
residue chromatographed on silica eluting with ethyl acetate-hexanes giving 1.61 g of a colorless oil. TLC Rf 
55 0.36 in 1:1 System A. 
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B. piperidinocarbonylPhe 



The product of Example 48A (1.6 g) was dissolved in 50 mL 10:1 methanol-acetic acid and shaken with 
0 6 g 10% Pd/C at 50 p.s.i. hydrogen and 25*C for 30 minutes. The mixture was filtered through Celite the 
filtrate evaporated and the residue coevaporated first with added toluene then with ether qivino 1 17 o 'of a 
colorless foam, TLC Rf 0.50 in System C. ' 



70 



75 



20 



C. Boc S-MeCysnor-C-Sta i-propyl ester 

According to the procedure for preparation and purification of the product of Example 38B, 900 mq of 
nor-C-Sta isopropyl ester and 871 mg of Boc-S-methylL-cysteine gave 1.04 g of a colorless powder TLC Rf 
0.42 m 1 :1 System A. 

D. S-MeCysnor-C-Sta i-propylester hydrochloride 

^oJ he i >r0dUCt ° f Examp ' e 48C (1 - 03 9) was di *solved in 6 mL 4N HCI-dioxane, stirred 45 minutes at 
25 C and concentrated giving 998 mg of colorless solid. TLC Rf 0.48 in System C. 

E. piperidinocarbonylPhe S-MeCysnor-C-Sta i-propyl ester 

« + • +h AC ; COrdin9 to the P r0CQ dure for preparation and purification of the product of Example 38B, except that 
25 tr.ethylam.ne was used to neutralize the amine hydrochloride, 130 mg of the product of Example 48D and 

JL°ll^ P ™ ° f Examp,G 486 9ave 117 m9 of co!orless solid ' TLC Rf «*hyl acetate-silica) 
■nri ^1 2? i7 i fLT?'?**™' PPm: 1 * 27 3nd 1 - 29 < d ' 3H ea >' 2 - 08 3H )' Z' 7 *> 2-92. 3.13 

7 4 (m aromatic" ^ 4 ' 33 " 4 * 58 ^ ^ 6 90 (d ' 1H 509 (septet ' 1H) ' 7/l9 " 

30 

EXAMPLE 49 

MorpholinocarbonylPheNlenor-C-Sta 2-hydroxy-i-butyl ketone (.. Z = morpholinocarbonylamino: M- phenyl; 
35 Q = H; Rz = n-butyl; X - cyclohexyl; W = CH|||OH; and Z' = COCH^OHXCHa)^ 

A. 6(S)-Bocamino-5(R)-ben2yloxy.7-cyclohexy|.2-methyl-2-hydroxy-4-hexanone 

* f <f H-bytoxycarbonylamin^fRJ-benzyloxy-^cyclohexylbutyraldehyde (475 mg) was added at -78»C to 
h ™" 2 t SqUiV ° f " thi0 6thyl aCState (fr ° m 5 mL THF ' 392 uL ^propylamine and 1 .75 mL 1 6M n- 

f?SSZ It °° C L°"° W ^ by 272 UL ethy ' acetate at - 78oC >. 10 minutes at -78-C and 

10 minutes at O'C and quenched wrth aqueous ammonium chloride. The products were isolated by ether 
extraction givmg 548 mg of isomeric substances (TLC Rf 0.35 and 0.28 in 1:1 System B) TWs materia 

ThTZT^I Z t 1 Sa i m L SUbStenCeS identiCa,,y but S °^** ™ in 8 mL 

THF and treated wrth 5.9 mL 1.3M ethereal methyllithium at 0-C. stirred 5 minutes and quenched with 

aqueous ammon,urn chloride soiution. A yellowish oil (702 mg) was obtained by ether axt*aoT^Rf7J 

Oro fvn rmf ' J5 ,S v mate Snr S . diSS0,Ved 25 mL 3064009 and treated with 2 mL cnro ™* «* solution 
2Lf y h k , 310) 3nd concentrated . dis solved in water and repeatedly extracted with ethyl 
acetate wh,ch was dned over magnesium sulfate, concentrated and purified on silica giving 172 mg o 
colorless solid. TLC Rf 0.34 in 1:1 System B. y 9 



45 



so 



55 



B. 6(S)-amino-5(R)-benzyloxy-7-cyclohexyl-2-methyl-2-hydroxy-4-hexanone hydrochloride 

The product of Example 49A (124 mg) was dissolved in 0.5 mL trifluoracetic acid at O'C stirred 20 

ZT^!*?™? r6SidUe CoevaDOrated with ether and ether containing 1.1* S^v H Q 

(in dioxane) giving after drying 106 mg of a yellowish oil. 
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C. morpholinocarbonylPheNlenor-C-Sta 2-hydroxy-i-butyl ketone benzyl ether 

According to the procedure for preparation and purification of the product of Example 38B. except that 
triethylamine was added to neutralize the amine hydrochloride, 104 mg of the product of Example 49B and 
106 mg of the product of Example 8C gave 60 mg of colorless solid, TLC Rf 0.4 (ethyl acetate/silica). 



D. morphoiinocarbonylPheNlenor-C-Sta 2-hydroxy-i-butyl ketone 

The product of Example 49C (58 mg) was dissolved in 10 mL 1:1 acetic acid-methanol and shaken with 
100 mg 10% Pd/C for 20 hours at 25°C and 50 p.s.L hydrogen pressure. The mixture was filtered through 
Celite, concentrated and purified on silica in ethyl acetate/hexanes giving 20 mg of colorless powder TLC 
Rf 022 (ethyl acetate/silica). 

1H NMR, CDCI 3 . 250 MHz, partial, delta ppm: 0.88 (t, 3H) ? 1.27 (s, 6H), 2.76 and 2.87 <d. 1H ea), 3.00 
and 3.16 (dd. 1H), 3.26 (m, 4H), 3.63 (m, 4H), 4.16 (br, 1H), 4.23 (m. 1H), 4.51 (m. 2H), 5.00, 6.62 and 6 73 
(d. 1H ea), 7.13-7.36 (m, aromatic). 



EXAMPLE 50 

4-HydroxypiperidinocarbonylPhe S-MeCysnor-C-Sta i-propyl ester (I, Z = 4-hydroxypiperidinocarbony (amino- 
M « phenyl; Q = H; R* = CH3SCH2-; X = cyclohexyl; W = CH|||OH; and Z 1 = C0 2 CH(CH 3 )2) 

A solution of 150 mg of the product of Example 39 and 40 uL triethylamine in 0.8 mL dichloromethane 
was added at 0°C to a 0°C solution of 49 mg carbonyldiimidazole and 20 mg imidazole in 0.3 mL 
dichloromethane and the resulting solution was stirred 1 hour at 0°C. A solution of 25 mg 4-hydrox- 
ypiperidine in 0.3 mL dichloromethane was added and the mixture was stirred 1.5 hours at 0°C and at 20°C 
for 20 hours, diluted with ethyl acetate and washed with 1N HCl <2x), brine, dried over magnesium sulfate, 
concentrated and purified on silica giving 26.1 mg of a colorless foam, TLC Rf 0.22 (ethyl acetate/»!iic*)! 
HPLC 3.10 minutes in 60/40 acetonitrile-pH 2.1 phosphate. 

1H NMR. CDCI3, 250 MHz, partial, delta ppm: 1.27 and 1.29 (d. 3H ea) t 2.10 (s, 3H), 2.73 and 3.30 (ctd 
1H ea), 3.03 (m, 3-4H). 3.58 (m, 2H) t 3.87 (m, 1H). 4:10 (m. 1H), 4.45 (m, 3H), 4.82 (d. 1H). 5.08 (septet' 
1H), 6.91 and-7.09 (d. 1H ea). 7.19-7,40 (m, aromatic). 



EXAMPLE 51 

Methyl 3(S)-(BocPheHisamino)-2(S)-azido-4-cyclohexylbutyrate as a mixture with 3(R), 2(R), isomer (I, 
Z = Bocamino; M = phenyl; Q-H; R2 = imidazoi-4-ylmethyl; X = cyclohexyl; W = CH -«*N 3 ; and 
Z 1 = CO2CH3) 

A. racemic methyl 3(S)-Bocamino-4-cyclohexyl-2(R)-hydroxybutyrate 

Ten grams of a mixture of 80% N-t-butoxycarbonyl-(S)-3-amino-(R)-2-hydroxy-4-phenylbutyronitrile and 
20% of the corresponding 2(S) isomer (U.S. 4,668,769) was heated at reflux for 18 hours in a mixture of 80 
mL p-dioxane, 30 mL water and 30 mL cone. HCl, evaporated, the residue dissolved in water and the 
solution washed with chloroform (3x). The aqueous solution was chilled and brought to pH 7.5 with HCl. The 
precipitate was filtered, washed with water, acetone and dried giving 4.10 g of a light greenish solid. This 
material was dissolved in 40 mL p-dioxane and 20 mL water, the solution brought to pH 11 with sodium 
hydroxide and treated with 5.85 mL di-t-butyldicarbonate. The pH was maintained between 9.5 and 11.2 
with sodium hydroxide and after 1.5 hours the mixture was partially concentrated, the residual aqueous 
solution washed 3x with ether, then acidified to pH 1.0 in the presence of ethyl acetate, separated, extracted 
further with ethyl acetate, the extracts dried over sodium sulfate and concentrated givign 4.7 g of a light 
yellow solid, TLC Rf 0.38 in system C. This material was dissolved in 100 mL methanol containing 12 mL 
acetic acid and shaken with 1.1 g 10% Rh/C for 5.5 hours at 25°C and 58 p.s.i. hydrogen, filtered and 
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evaporated giving 4.58 g of yellow foam. TLC Rf 0.45 in System C. This material was dissolved in ether and 
treated with excess ethereal diazomethane. then with acetic acid to quench excess diazomethane, 
concentrated and purified on silica (ethyl acetate-hexanes giving 4.3 g of a waxy solid TLC Rf 0 5 (1-1 
System A), [a] D 20 essentially zero (CHCfe, c = 1 .1 ). 



B. racemic methyl 3(S)-Bocamino-4-cyclohexyi-2(S)-azidobutyrate 

Two grams of the product of Example 51 A, 4.16 g triphenylphosphine and 12.1 mmol hydrazoic acid 
(from sodium azide and sulfuric acid in benzene/water t the benzene dried over sodium sulfate and titrated 
with standard base) were dissolved in 60 mL total benzene at 0°C and treated with 2.49 mL diethylazodicar- 
boxylate. The mixture was stirred 30 minutes, filtered, concentrated and purified on silica (ether-hexanes) 
giving 1.02 g of a waxy, off-white solid. TLC Rf 0.48 in 1:3 System A. 



C. Racemic methyl 3(S)-amino-4-cyclohexyl-2(S)-azidobutyrate hydrochloride 

The product of Example 51 B (430 mg) was dissolved in 15 mL 4N HCI dioxane. stirred 1 hour at 25°C 
and evaporated giving 355 mg of off-white foam, TLC Rf 0.22 in System C. 



D. methyl3(SHBocPheHis(imBoc)amino)-2(S)-azido-4-cyclohexylbutyrate as a 1:1 mixture with the 3(H) 2- 
(R) isomer v h 

According to the procedure for preparation and purification of the product of Example 1C 340 mg of 
the product of Example 51 C and 71 0 mg of BocPheHis(lmBoc) gave 620 mg of the title substances TLC Rf 
0.45 and 0.47 (5% ethanol-dichioromethane) as a colorless foam. 



E. methyl 3(S)-(BocPheHisamino)-2(S)-azido-4-cyclohexylbutyrate as a mixture with the 3(R)*2(R) isomer 

The product of Example 51 D (380 mg) was dissolved in 10 mL 5:1 acetic acid-water, stirred 4 hours at 
25 °C. concentrated, coevaporated first with added toluene, then ether and dried, giving 280 mo of liaht 
yellow foam. a y 

1H NMR. CDCb. 300 MHz. partial, delta ppm: 1.37 (s. 9H), 3.76 and 3.78 (s. ca. 1:1 ratio 3H total) 6 80 
(s. 1 H). 7.53 and 7.55 (s. 1 :1 , 1 H total). * 

EXAMPLE 52 

Methyl 3(S)-(BocPheHisamino)-2(S)-amino-4-cyclohexyibutyrate as a mixture with the 3(R) 2{R)isomer (I 
Z = Bocamino; M = phenyl; Q = H; R 2 = imidazol-4-ylmethyl; X = cyclohexyl; W = CH — NH 2 ; and 
Z 1 — CO2CH3) 

The product of Example 51 D (275 mg) was dissolved in 20 mL ethanol containing 0.5 mL acetic acid 
and shaken with 100 mg 10% Pd/C for 3 hours at 25-C and 50 p.s.i. hydrogen, filtered and concentrated 
giving 240 mg of light brown solid. HPLC 5.64 and 7.01 minutes in 60/40 acetonitrile-pH 2 1 phosphate 

1H NMR. CDCb. 300 MHz. partial, delta ppm: 1.33 and 1.35 (s. 9H total). 3.72 (s. 3H total) 6 78 (s 1H 
total). /» \ t 



EXAMPLE 53 



Methyl 3(S)-(BocPheHisamino)-2{R).a2ido-4-cyclohexylbutyrate as a mixture with 3(R),2(S)isomer (I 
Z = Bocamino; M = phenyl; Q = H; R 2 = imidazol-4-ylmethyl; X = cyclohexyl; W = CH|||N 3 ; and Z' = COjCHa) ' 
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A. racemic methyl 3(S)-Bocamino-4-cyclohexyl-2(S)-benzoyloxybutyrate 

A solution of 600 mg of the product of Example 51 A, 700 mg benzoic acid and 1.5 g triphenyl- 
phosphine in 5 mL THF was treated at 25 °C with 0.9 mL diethylazodicarboxylate. After 1.5 hours 230 mg 
5 benzoic acid, 0.5 g triphenylphosphine and 0.3 mL diethylazodicarboxylate was added and 3 hours later the 
mixture was cooled to 0°C for 12 hours. The mixture was purified on silica (ethylacetate/hexanes) giving 
509 mg of colorless solid, TLC Rf 0.41 in 1 :3 System A. 



to B. racemic methyl 3(S)-Bocamino-4-cyclohexyl-2(S)-hydroxybutyrate 

The product of Example 53A (550 mg) was dissolved in 5 mL methanol and treated at 25*C with 9 mg 
anhydrous potassium carbonate. After 1.8 hours the mixture was concentrated and the residue purified on 
silica giving 326 mg of oily foam, TLC Rf 0.18 in 1:3 System A. 

15 

C. racemic methyl 3(S)-Bocamino-4-cyclohexyl-2(R)-azidobutyrate 

According to the procedure for the preparation and purification of the product of Example 51 B, 320 mg 
20 of the product of Example 53B gave 280 mg of colorless waxy solid, TLC Rf 0.50 in 1:3 System B. 



D. racemic methyl 3(S)-amino-4-cyclohexyl-2(R)-azidobutyrate hydrochloride 

25 According to the procedure for preparation of the product of Example 51 C. 260 mg of the product of 
Example 53C gave 1 98 mg of light yellow solid. 



E. methyl 3(SHBocPheHis(imBoc)-amino)-2(R)-azido-4-cyclohexyIbutyrate as a mixture with 3(R),2(S> iso- 
30 mer 

According to the procedure for preparation and purification of the product of Example 1C, 192 mg of 
the product of Example 53D and 398 mg of BocPheHis(imBoc) (U.S. 4,559.198) gave 253 mg of a light 
yellow faom, TLC Rf 0.5 (ethyl acetate). 

35 

F. methyl 3(S)-(BocPheHisamino)-2(R)-azido-4-cyclohexylbutyrate as a mixture with the 3(R).2(S) isomer 

The product of Example 53E (211 mg) was stirred 4 hours at 25°C in 12 mL 5:1 acetic acid-water, 
40 concentrated and dried giving 210 mg of light yellow foam. TLC Rf 0.1 in System C. 

1H NMR, CDCb. 300 MHz, partial, delta ppm: 1.30 and 1.34 (s, 3:2 ratio. 9H total). 3.76 and 3.81 (s, 3:2 
ratio, 3H total), 6.67 and 6.78 (s. 2:3 ratio. 1H total). 7.52 and 7.55 (s. 2:3 ratio, 1H total). 



45 EXAMPLE 54 

Methyl 3(S)-(BocPheHis-amino)-2(R)-amino-4-cyclohexylbutyrate as a mixture with the 3(R).2(S) isomer (I, 
2 = Bocamino; M = phenyl; Q=H; R 2 =imidazol-4-ylmethyl; X = cyclohexyl; W-CH|||NH 2 ; and Z 1 = C02CH 3 ) 

so The product of Example 53F (170 mg) was dissolved in 15 ml ethanol and 0.4 mL acetic acid and 
shaken with 90 mg 10% Pd/C for 1.5 hours at 25°C and 50 p.s.i. hydrogen, filtered, concentrated, 
coevaporated with ether and toluene and dried giving 170 mg of light brown solid. HPLC 5.17 and 6.17 
minutes (ca. 1:1) in 35/65 acetonitrile-pH 2.1 phosphate. 

1H NMR. DMSO-de. 300 MHz. partial, delta ppm: 1.29 (s. 9H). 3.56 and 3.61 (s, 3:2 ratio, 3H total), 6.80 

55 and 7.50 (s. 1 H ea). 



EXAMPLE 55 
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MorphoiinocarbonylPheLeunor-C-Sta methyl ester (I, 2 = morpholinocarbonylamino; M = phenyl- Q = H- 
R 2 = CH 2 CH<CH 3 y z; X - cyclohexyl; W = CH|||OH; and Z 1 = CCfeCHs) 

A. nor-C-Sta methyl ester hydrochloride 

A solution of 0.15 g Boc-nor-C-Sta methyl ester in 4 mL of 4N HCI/dioxane was stirred at RF for 1 hour 
The reaction was concentrated in vacuo to provide 0.15 g of a white solid. The material was used without 
further purification. NMR (300MHz, DMSO-d 6 ) delta 3.65 (s, 3H), 4.17 (m, 1H), 6.47 (d, J = 4Hz. 1H). 

B. morphoiinocarbonylPheLeu methyl ester 

To a solution of 0.30 g morpholinocarbonylPhe and 0.22 g HCI-LeuOMe in 5 mL anhydrous Cl-feCfe was 
added sequenfiaHy 0.12 g TEA. 0.18 g HBT and 0.24 g DCC. After stirring at RT 20 hours, the solution was 

™ W3Shed 2 X 10 mL °- 1N sodium h y dr ° x ide. The organic phase was dried over 

Mg SO* filtered and concentrated in vacuo. The residue was chromatographed on Si0 2 (2:1 EtOAc:Hex) to 
prov.de 0.43 g pure product. NMR (300 MHz, CDCI 3 ) delta 0.89 (d. J = 7Hz, 6H). 3.71 (s. 3H). 4.48 (m. 1H) 
4.57 (m, 1H), 6.25 (d, J = 7Hz, 1H). ' 

C. morphoiinocarbonylPheLeu 

To a solution of 0.43 g morpholinocarbonylPheLeuOMe in 10 mL MeOH was aded 0.1 g K 2 C0 3 and the 
resulting solution was stirred at RT for 24 hours. The reaction mixture was concentrated inTa^uo to t 
volume of 10 mL and was acidified with 1N HCI and extracted 3 x 25 mL CH.Cfe. The combineTixVaete 
were dned over MgSO,, filtered and concentrated to afford crude acid which was used without 
purification. NMR (300 MHz. CDCfe) delta 0.87 (2d. 6H). 4.45 (m. 1H). 4.65 (m. 1H). 5.36 (d, J = 7Hz 1H) 

D. morpholinocarbonylPheLeunor-C-Sta methyl ester 

MorphoiinocarbonylPheLeu (96 mg) was condensed with 80 mg nor-C-StaOMe-HCI using the DCC 
procedure described above. The crude product was chromatographed on SiC* (29:1 CH 2 CI 2 :EtOH) to afford 
68 mg pure product. NMR (300 MHz. CDCI 3 ) delta 0.85 (2d. HH), 3.72 (s. 3H). 4.28 (m, 1H), 4 41 (m. 2H> 

EXAMPLE 56 

^?™?T h9l ! e ! ,0r " C ' Sta methy ' 6Ster (l ' Z=^pholinocarbonyiamino : M = phenyl : Q = H - 
R2 =CH3S(CH2)2-;X= cyclohexyl; W=CH-OH; and 2 1 =C0 2 CH3) ^ 

A. morpholinocarbonylPheMet methyl ester 

in E l!lZ^ l 5 C ?? 0ny, ? e ( °- 30 9) W3S COUP ' ed t0 °- 24 9 HO-methionineOMe using the DCC procedure 
in Example 55. The crude matenal was chromatographed on Si0 2 (21 EtOAeHexi tn nm„iHo n „ 
dipeptide. NMR (300 MHz, CDCb) delta 2.05 (s, 3H), 3.72 (s, 3hJ 4.57 (m TzH) * 8 m 

B. morpholinocarbonylPheMet 

MorpholinocarbonylPheMet methyl ester (0.36 g) was saponified using the procedure in Example 55 
3H^ ^ With0utfurfher Purification. NMR (300 MHz, CDCb) delta 2 01 (si 
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C. morpholinocarbonyiPheMetnor-C-Sta methyl ester 

MorpholinocarbonylPhetMet (0.10 g) was coupled to 0.080 g nor-C-StaOMe-HCI (Example 55) using 
DCC (Example 1). The crude product was chromatographed on S1OC2 (29:1, CH2CI 2 :EtOH) to afford 50 mg 
pure product and 32 mg impure product. NMR (300 MHz, CDCI3) delta 1.98 (s, 3H), 3.74 (s, 3H), 4.38 trn 
2H), 4.46 (m, 1H). 



EXAMPLE 57 

MorpholinocarbonylPhePhenor-C-Sta methyl ester (I, Z = morpholinocarbonylamino; M = phenyl; Q = H; 
R 2 = benzyl; X = cyclohexyl; W = CH|||OH; and Z 1 = C0 2 CH 3 ) 

A. morpholinocarbonylPhePhe methyl ester 

MorphoiinocarbonyiPhe (0.30 g) was condensed with 0.26 g PheOMe-HCi using the DCC procedure 
described in Example 55. The crude dipeptide was chromatographed on Si0 2 (1:2 EtOAc:Hex) to afford 0.37 
g pure product. NMR (300 MHz, CDCI3) delta 3.65 <s, 3H), 4.49 (m t 1H), 4.78 (m, 1H). 



B. morpholinocarbonylPhePhe 

MorpholinocarbonylPhePhe methyl ester (0.37 g) was saponified as in Example 55 to afford 0.35 g 
crude acid which was used without further purification. NMR (300 MHz, CDCI3) delta 4,59 (m, 1 H) 4 65 (m 
1H). 5.10 (d. J=8Hz, 1H). 



C. morphoiinocarbonylPhePhenor-C-Sta methyl ester 

MorpholinocarbonylPhePhe (0.10 g) was condensed with 0.080 g nor-C-StaOMe-HCI using DCC as 
described in Example 55. The crude product was chromatographed on SiCfe (29:1 CH 2 CI 2 :EtOH) to affoaJ 
0.10 g pure compound. NMR (300 MHz, CDCI3) delta 2.74 (s. 3H), 4.26 (m, 1H), 4.36 (m, 1H), 4.52 (m, 1H). 



EXAMPLE 58 

MorpholinocarbonylPhe S-MeCysnor-C-Sta methyl ester (I, Z = morpholinocarbonylamino; M = phenyl; G = H; 
R 2 -CH3SCH 2 ; X = cyclohexyl; W = CH~OH; and Z^CO&Hz) 

A. morphoiinocarbonyiPhe S-MeCys methyl ester 

MorpholinocarbonylPhe (0.96 g) and S-MeCysOMe-HCi (0.55 g) were coupled using the water soluble 
reagent DEC, along with TEA and HBT as in Example 55. The reaction mixture was diluted with 100 mL 
EtOAc, washed 2 x 35 mL 0.1 N HCI and 2 x 35 mL 0.1 N NaOH. The organic phase was dried over MgSCk 
filtered and concentrated in vacuo . The crude product (1.15 g) was pure enough to be carried through! 
NMR (300 MHz, CDCI3) delta 2.00 (s, 3H) f 3.72 (s, 3H), 4.58 (m, 1H), 4.65 (m, 1H). 



B. morphoiinocarbonyiPhe S-MeCys 

MorpholinocarbonylPhe S-MeCys methyl ester (1.15 g) was sponified as in Example 55, except the 
reaction was initially stirred at 0° for 15 minutes and then at RT. The crude product (1.0 g) was used 
without further purification. NMR (300 MHz, CDCb). delta 2.03 (s, 3H) t 4.63 (m, 1 H), 4.77 (m, 1 H). 
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morpholinocarbonylPhe S-MeCysnor-Sta methyl ester 

MorpholinocarbonylPhe S-MeCys (130 mg) was coupled to nor-C-StaOMe-HCI (69 mg) using the DCC 
procedure described in Example 55. The. crude product was chromatographed on Si02 (19:1 ChbC&EtOH) 
s to afford 58 mg pure product. NMR (300 MHz, CDCI 3 ) delta 2.06 (s, 3H), 3.72 (s, 3H), 4.40 (m, 2H). 



EXAMPLE 59 



70 MorpholinocarbonylPhe S-EtCysnor-OSta methyl ester (I, Z = morpholinocarbonylamino; M = phenyl* Q = H- 
R 2 = CH3CH2SCH2-; X = cyclohexyl; W = CH|||OH; and Z 1 = CO2CH3 

A. morpholinocarbonylPhe S-EtCys methyl ester 

15 MorpholinocarbonylPhe (0.20 g) was coupled to S-EtCysOMe-HCI (0.15 g) using DCC as described in 
Example 55. The crude compounds was chromatographed on SI0 2 (3:1 EtOAc:Hex) to afford 0 20 g pure 
product. NMR (300 MHz, CDCI3) delta 2.16 (t. J«7Hz, 3H), 2.45 (q ( J = 7Hz, 2H), 3.73 (s, 3H), 4.64 (m f 2H). 

20 B. morpholinocarbonylPhe S-EtCys 

MorpholinocarbonylPhe S-EtCys methyl ester (0.20 g) was saponified as in Example 55 to afford 0.11 g 
crude acid which was used without further purification. NMR (300 MHz, CDCI3) delta 216 (t J=7Hz 3H> 
2.50 <q. J = 7Hz, 2H), 4.64 (m f 1H), 4.79 <m, 1 H). ' 

25 

C. morpholinocarbonylPhe S-EtCysnor-C-Sta methyl ester * 

MorpholinocarbonylPhe S-EtCys (0.11 g) was coupled to nor-C-StaOMe-HCI (75 mg) using the DCC 
30 procedure described in Example 55. The crude compounds was purified by chromatography on Si0 2 (29:1 
CH 2 CI 2 :EtOH) to afford 0.10 g pure product. NMR (300 MHz, CDCI3) delta 2.21 (t, J = 7Hz, 3H) 2 50 (m 2h\ 
3.75 (s, 3H), 4.4Q (m, 2H). ' ' h 



35 EXAMPLE 60 

MorpholinocarbonylPhe O-BSernor-C-Sta methyl ester (I, Z - morpholinocarbonylamino; M = phenyl- Q = H* 
R 2 = CH 2 OCH 2 CeH 5 ; X = cyclohexyl; W = CH|||OH; and Z^ = CO2CH3) 

40 A. morpholinocarbonylPhe O-BSer methyl ester 

MorpholinocarbonylPhe (0.31 g) was coupled to O-BSerOMe-HCI (0.25 g) using the standard DCC 
reaction described in Example 55. The crude compound was chromatographed on Si0 2 (1:3 EtOAcHex) to 
afford 0.28 g pure product. NMR (300 MHz, CDCb) delta 3.70 (s, 3H), 4.43 (m, 2H), 4.63 (m t 2H). 

45 

B. morpholinocarbonylPhe O-BSer 

MorpholinocarbonylPhe O-BSer methyl ester (0.28 g) was saponified as described in Example 55. The 
60 crude acid (0.19 g) was used without further purification. NMR (300 MHz, CDCI3) delta 4 40 (m 2H> 4 63 
(m, 1H), 4.72 (m, 1H). 
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C. morphoiinocarbonylPhe O-BSernor-OSta methyl ester 

MorpholinocarbonylPhe O-BSer (0.19 g) was coupled to nor-C-StaOMe-HCI (0.14 g) using the DCC 
procedure described in Example 55. The crude material was purified by chromatography on SiCte (29:1 
CH 2 CI 2 :EtOH) to afford 0.11 g pure product NMR (300 MHz, CDCb) delta 3.73 (s. 3H), 4 40 (m 2H) 4 45 
(AB, 2H). 

EXAMPLE 61 

MorpholinocarbonylPhe O-BThrnor-C-Sta methyl ester (I, 2 = morpholinocarbonylamino; M = phenyl; Q = H* 
R2=CH(CH3)OCH2C 6 H 5 ; X = cyclohexyl; W = CH|||OH; Z 1 ^COzCHs) 

A. morphoiinocarbonylPhe O-BThr methyl ester 

MorpholinocarbonylPhe (0.30 g) and OBThrOMe-HCI (0.35 g) were coupled using the standard DCC 
procedure (Example 55). The crude material (0.62 g) was used without further purification. NMR (300 MHz 
CDCb) delta 1.13 (d, J = 6Hz, 3H). 3.63 (s. 3H), 4.38 (AB, 2H). 4.53 (m. 1H), 4.64 (m. 1H). 

B. morpholinocarbonyl OBThr 

MorpholinocarbonylPhe OBThr methyl ester (0.62 g) was saponified as described in Example 55, 
affording 0.41 g crude acid which was used without further purification. NMR (300 MHz. CDCI 3 ) delta 1 17 
(d, J = 6Hz, 3H), 4.43 (AB, 2H), 4.62 (m. 1H), 4.70 (m. 1H). 

C. morphoiinocarbonylPhe OBThmor-C-Sta methyl ester 

MorpholinocarbonylPhe OBThr (99 mg) and nor-C-StaOMe-HCf (44 mg) were coupled using the 
standard DCC reaction (Example 55). The crude material was purified by chromatography (29:1 
CH2CI 2 :EtOH) to afford 97 mg pure product. NMR (300 MHz. CDCIs) delta 1.16 (d. J=6Hz 3H) 3 76 (s 3H) 
4.30 (m, 1 H), 4.41 (m. 1 H), 4.46 (AB, 2H). 

EXAMPLE 62 

MorpholinocarbonylPheNvanor-C-Sta methyl ester (I, Z = morpholinocarbonylamino; M = phenyl; Q = H 
R2 = n-propyl; X = cyclohexyl; W = CH~OH; and 2 1 =C0 2 CH 3 ) 

A. morpholinocarbonylPheNva methyl ester 

MorphoiinocarbonylPhe (0.20 g) and NvaOMe-HCI (0.10 g) was condensed using the DCC procedure 
described in Example 55. The crude material was chromatographed on Si0 2 (4:1 EtOAc:Hex) to afford 0.22 
g pure product. NMR (300 MHz, CDCb) delta 0.92 (t. J = 7Hz. 3H), 3.65 (s, 3H), 4.42 (m. 1H), 4.54 (m, 1H). 

B. morpholinocarbonylPheNva 

MorpholinocarbonylPheNva methyl ester (0.22 g) was saponified by the standard procedure (Example 
55), affording 0.17 g crude acid which was used without further purification. NMR (300 MHz CDCb) delta 
0.89 (t. J = 7Hz, 3H) f 4.46 (m, 1H). 4.62 (m. 1H). 
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C. morpholinocarbonyiPheNvanor-C-Sta methy! ester 

MorpholinocarbonylPheNva (0.10 g) and nor-C-StaOme-HCI (0.075 g) were coupled using DCC as 
described in Example 55. The crude product was purified by chromatography (29:1 CH 2 CI 2 :EtOH) to afford 
0.12 g pure product. NMR (300 MHz, CDCI 3 ) delta 0.97 (t, J = 7Hz, 3H). 3.72 <m, 3H), 4.29 (m, 1H), 4 40 (m 
1H), 4.53 (m. 1H). 



EXAMPLE 63 

Morpholinocarbony!PheNlenor-C-Sta n-propylamide (I, 2 = morpholinocarbonylamino; M = phenyl; Q = H, 
R 2 = n -butyl; X = cyciohexyl; W = CH|||OH; and Z 1 =CONH(CH 2 )2CH3) 

A. Boc nor-C-Sta n-propylamide 

To a solution of 100 mg Boc-nor-C-Sta and 21 mg n-propylamine in 5 mL dry CH 2 CI 2 was added 54 mg 
HBT and 70 mg DEC, and the resulting solution was stirred at RT for 20 hours. The solution was diluted 
with 200 mL EtOAc, and washed 2 x 20 mL H 2 0, 2 x 20 mL 0.1 N HCI, 2 x 20 mL 0.1 N NaOH. The organic 
phase was dried over MgS0 4 , filtered and concentrated in vacuot o 142 mg crude amide which was used 
without further purification. NMR (300 MHz, CDCfe) delta 0.91 (t, J = 7Hz, 3H), 1.40 (s, 9H), 3.85 (m 1H) 
4.04 (d, J=3Hz, 1H). ' 



B. nor-C-Sta n-propylamide hydrochloride 

A mixture of 139 mg Boc-nor-C-StaNHnPr in 3 mL 4N HCI in dioxane was stirred at RTfor 3 hours. The 
solution was concentrated in vacuo to afford 96 mg crude product which was used without further 
purification. NMR (300 MHz, DMSO-de) delta 0.85 (t, J = 7Hz, 3H), 3.06 (m, 2H), 4.03 (d, J = 3Hz, 1H). 



C. morpholinocarbonylPheNlenor-C-Sta n-propyl amide 

MorpholinocarbonylPheNle (135 mg) was coupled to HCI-nor-C-StaNHnPr (96 mg) using the DEC 
procedure described in Example 58. The crude product was chromatographed on Si0 2 (9:1 CH^brMeOH) 
to afford 113 mg pure product. NMR (300 MHz, CDCfe) delta 0.90 (t t J = 7Hz, 3H), 4.08 (d t J = 7Hz 1H> 4 32 
(m, 2H),4.80(m,1H). • ' 



EXAMPLE 64 

MorpholinocarbonylPheNle nor-C-Sta i-propylamide (I, 2 = morpholinocarbonylamino; M = phenyl; Q = H* 
R 2 = n-butyl; X = cyclohexyl; W = CH|||OH; 2 1 =CONHCH(CH 3 ) 2 ) 

A. Boc nor-C-Sta i-propyl amide 

Isopropylamine (29 mg) was coupled to Boc-nor-C-Sta (100 mg) using the DCC procedure described in 
Example 55. The crude material was chromatographed on Si0 2 (9:1 CH 2 CI 2 ) to afford 73 mg pure amide 
NMR (300 MHz. CDCfe) delta 1.11 (d, J = 5Hz, 3H). 1.12 (d, J = 5Hz, 3H), 1.37 (s, 9H) ( 3.82 (m, 1H), 3.97 (m 
1H). 4.03 (m. 1H). * ' 



B. nor-C-Sta i-propylamide hydrochloride 

Boc-nor-C-StaNHiPr (62 mg) was deprotected by stirring in 2 mL 4N HCI-dioxane for 3 hours. The 
solution was concentrated in vacuo to 52 mg of a white solid. The crude HCI salt was used without further 
purification: NMR (300 MHz, DMSO-D 6 ) delta 1.10 (m, 6H). 3.92 (m. 1H), 3.98 (m, 1H). 
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C. morpholinocarbonylPheNlenor-C-Sta i-propyl amide 

MorpholinocarbonylPheNle (48 mg) was coupled to HCI-nor-C-Sta NHiPr (48 mg) using the DCC 
procedure described in Example 55. The crude material was chromatographed on Si0 2 (19:1 CH 2 Cl2:MeOH) 
5 to afford 60 mg pure product NMR (300 MHz, CDCfe) delta 1.09 (d, J = 6Hz, 6H), 4.00 (m 1H) 4 03 (m 3H) 
4.33 (m,2H). ' 



EXAMPLE 65 

70 

, MorpholinocarbonylPheNlenor-C-Sta i-butylamide (I, 2 = morpholinocarbpny!amino; M = phenyl- Q = H* 
R 2 =n-butyl; X = cyclohexyl; W = CH|||OH; 2 = CONHCH 2 CH(CH3>2) 

A. Boc nor-C-Sta i-butylamide 

75 

Isobutylamine (49 L) was coupled to Boc-nor-C-StaNHiBu (100 mg) using the DCC procedure described 
in Example 55. the crude material was purified by chromatography (9:1 CH 2 CI 2 :MeOH) to afford 75 mg pure 
product. NMR (300 MHz. CDCi 3 ) delta 0.89 (d, J = 6Hz. 6H). 1.39 (s. 9H). 3.83 (m, 1H), 4.03 (m. 1H). 

20 

B. nor-C-Sta i-butylamide hydrochloride 

Boc-nor-C-StaNHiBu (173 mg) was deprotected as in Example 64 to afford 170 mg crude salt which 
was used without further purification. NMR (300 MHz. DMSO-ds) delta 0.85 (d. J = 6Hz 6H) 2 93 (m 2HS 
25 4.03 (m, 1H). -/■•*. /. 



C. morpholinocarbonylPheNlenor-C-Sta i-butylamide 

30 MorpholinocarbonylPheNle (235 mg) was coupled to HC!-nor-C-StaNHiBu (160 mg)* using the DCC 
procedure (Example 55). The crude product was purified by chromatography (9:1 CH 2 CI 2 :MeOH) to afford 
152 mg pure product. NMR (300 MHz. CDCI 3 ) delta 0.87 (d, J = 6Hz. 6H), 4.08 (d, J = 3Hz. 1H), 4.32 (m, 
2H). 



35 



40 



EXAMPLE 66 



MorpholinocarbonylPheNlenor-C-Sta N-methyl-N-i-propylamide (I. Z = morpholinocarbonylamino; M = phenyl' 
Q = H; R 2 = n-butyl; X = cyclohexy I; W = CH|||OH; and Z' = CON(CH 3 )CH(CH 3 ) 2 ) 

A. Boc nor-C-Sta N-methylN-i-propylamide 



N-methyl-N-isopropylamine (44 mg) was coupled to Boc-nor-C-Sta (120 mg) using the DCC procedure 
(Example 55). The crude product was chromatographed (39:1 CH^MeOH) to afford 56 mg pure product 
45 NMR (300 MHz, CDCI3) delta 1 .40 (s, 9H). 2.89 (s, 3H), 4.74 <m, 1 H). 

B. nor-C-Sta N-methyl-N-i-propylamide hydrochloride 

so Boc-nor-C-StaN(Me)iPr (56 mg) was deprotected as in Example 64 to afford 52 mg crude salt which 
was used without further purification. NMR (300 MHz, DMSO-d 6 ) delta (3.00 (s, 3H), 4.30 (s. 1H). 



55 
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C. morpholinocarbonylPheNlenor-C-Sta N-methyl-N-i-propylamide 

MorphoIinocarbonyiPheNle (73 mg) was coupled to HCI-nor-C-Sta(Me)i Pr (52 mg) using the DCC 
procedure described in Example 55. The crude material was purified by chromatography (19:1 
CH 2 CI 2 :MeOH) to afford 99 mg pure product. NMR (300 MHz, CDC1 3 ) delta 2.84 (s. 3H), 4.12 (m, 1H), 4 40 
(m, 1H), 4.53 (m,1H). 



EXAMPLE 67 

MorpholinocarbonylPheNlenor-C-Sta N-methyl-N-i-butylamide (I, Z=morpholinocarbonylamino; M = phenyl; 
Q = H; R 2 = n-butyl; X = cyclohexyl; W = CH|||OH; Z 1 "=CON(CH 3 )CH 2 CH(CH 3 ) 2 ) 

A. Boc nor-C-Sta N-methyl N-i-butylamide 

N-methyi-N-isobutylamine (56 mg) was coupled fo Boc-nor-C-Sta (128 mg) using the DCC procedure 
described in* Example 55. The crude material was chromatographed (9:1 CH 2 CI 2 :MeOH) to afford 130 mg 
pure product'NMR (300 MHz, CDCIs) delta 1.38 (s, 9H). 3.03 (s, 3H), 4.28 (m, 1H). 



B. nor-C-Sta N-methyl-N-i-butyl amide hydrochloride 

Boc-nor-C-StaN(Me)iBu (123 mg) was deprotected as described in Example 55 to afford 118 mg crude 
salt which was used without further purification. NMR (300 MHz, DMSO-de) delta (3.67 (s, 3H) 4 54 (m 1H) 
4.61 (m,1H). 



C. morpholinocarbonylPheNlenor-C-Sta N-methyl-N-i butyl amide 

MorphoIinocarbonyiPheNle (173 mg) was coupled to HCI-nor-C-StaN(Me)iBu (118 mg) using the DCC 
procedure described in Example 55. The crude material was chromatographed (19:1 CHsCfcMeOH) to 
afford 184mg.pure material. NMR (300 MHz, CDCb) delta 3.04 (s. 3H). 4.18 (m, 1H), 4.36 (m, 1H) 4 43 <m 
1H), 4.57 (m,1H). 



EXAMPLE 68 

MorpholinocarbonylPheNlenor-C-Sta n-pentyl amide (I, 2 = morpholinocarbonylamino; M = phenyl; Q = H; 
R 2 = n-butyl; X = cyclohexyl; W = CH|||OH; and Z 1 = CONH(CH 2 )4CH 3 ) 

A. Boc-nor-C-Sta n-pentyl amide 

N-Pentylamine (29 mg) was coupled to Boc-nor-C-Sta (100 mg) using the DEC procedure described in 
Example 63. The crude material (128 mg) was used without further purification. NMR (300 MHz CDCb) 
delta 1.41 (s, 9H), 3.25 (m, 2H), 3.86 (m, 1H). 4.05 (m, 1H). 



B. nor-C-Sta n-pentyl amide hydrochloride 

Boc-nor-C-StaNHnPn (128 mg) was deprotected as in Example 63 to afford 108 mg crude salt which 
was used without further purification. NMR (300 MHz, DMSO-de) delta 3.09 (m, 2H), 4.00 (d, J = 4Hz, 1H). 



C. morpholinocarbonylPheNlenor-C-Sta n-pentyf amide 

MorphoIinocarbonyiPheNle (138 mg) was coupled to HCI-nor-C-StaNHnPn (108 mg) using the DEC 
procedure described in Example 58. The crude material was chromatographed (19:1 CH 2 CI 2 :MeOH) to 
afford 140 mg pure product. NMR (300 MHz, CDCb) delta 4.08 (m, 1H), 4.32 (m. 2H), 4.74 (m, 1H). 
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EXAMPLE 69 

MorpholinocarbonylPheNlenor-C-Sta N.N-bisethyleneoxy amide (I, Z = morpholinocarbonylamino- 
~ Phenyl; Q = H; R 2 = n-butyl; X = cyclohexyl; W = CH|||OH; and Z 1 = CON(CH2CH 2 ) 2 0) 

A. Boc-nor-Sta N.N-bisethyleneoxy amide 

Morphine (43 mg) was coupled to Boc-nor-C-Sta (100 mg) using the standard DCC procedure 
(Example 55). The crude material was chromatographed (4:1 EtOAcrHex) to afford 134 mg pure product 
NMR (300 MHz, CDCI 3 ) delta 1 .36 (s. 9H). 4.06 (d, J-5Hz. 1 H), 4.22 (br. 1 H). 

B. nor-C-Sta N.N-bisethyleneoxy amide hydrochloride 

Boc-nor-C-StaMr (122 mg) was deprotected by the standard procedure (Example 63) to afford 125 ma 
crude salt which was used without further purification. NMR (300 MHz. DMSO-cfe) delta 4.34 (d. J=5Hz. 



C. morpholinocarbonylPheNlenor-C-Sta N.N-bisethyleneoxy amide 

MorpholinocarbonylPheNle (142 mg) was coupled to HCI-nor-C-StaMr (101 mg) using the standard DCC 
procedure (Example 55). The crude material was purified by chromatography (19:1 CHzCteEtOH) to afford 

IgyTm^H)^" 01 ' NMR (3 °° MH2 ' CDCb) delta 416 (m> 1H)> 425 (br ' 1H)> 442 (m ' 1H) " 4 - 4 * < m - 1H >' 

EXAMPLE 70 

MoipholinoPheNlenor-C-Sta N.N-bisethylene-N'-methylaza amide (I. Z = morpholinocarbonylamino- 
M= phenyl; Q = H; R 2 =n-butyl; X=cyclohexyl : W=CH«|OH; and Z' = CON(CH 2 CH 2 ) 2 N.CH3) arD ° ny,amm °- 

A. Bocnor-C-Sta N.N-bisethylene-N'-methylaza amide 

_ 1-Methylpiperazine (50 mg was coupled to Boc-nor-OSta (100 mg) using the standard DCC reaction 

STtuu ^n! T 319 ! 3 ' W3S chromato 9^Phed (9:1 CH 2 CI 2 :EtOH) to afford 118 mg pure product. 
NMR (300 MHz. CDCI3) delta 1 .36 (s. 9H). 2.30 (s. 3H). 3.96 (m. 1 H). 4.24 (s. 1 H). 

B. rior-C-Sta N.N-bisethylene-N'-methylaza amide hydrochloride 

,^!!T n0r ^" St l Me ^ iP u <118 m9) W3S de P rotected usi "9 the standard conditions (Example 63) to afford 
?m?xS o/)v WaS US6d With ° Ut further P urification - NMR 000 MHz, CDCI3) delta 3.48 (s. 3H). 

C. morpholinocarbonylPheNlenor-C-Sta N.N-bisethylene-N'-methylaza amide 

D rr M r°JS n ^ n )' ,P «v N l (133 m9) W8S C0Upl8d to H CI-nor-C-StaMePi P (105 mg) using the standard 
DCC reaction (Example 55). The crude material was chromatographed (9:1 CH^EtOH) to afford 110 mo 
pure product NMR (300 MHz. CDCI3) delta 2.33 (s. 3H). 4.17 (m 1H), 4.31 (m. 2H), 4.52 (mVlH) 



EXAMPLE 71 



MorpholinocarbonylPheNlenor-C-Sta i-propyl ester (I. Z= morpholinocarbonylamino; M = phenyl; Q = H- 
R 2 =n-butyl;X=cyclohexyl: W = CH|||OH;andZ' = C0 2 CH(CH 3 ) 2 ) V ' 
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70 



A. nor-C-Sta i-propyl ester hydrochloride 

A solution of 100 mg Boc-nor-OSta in 2 ml anhydrous isopropanol was saturated with anhydrous HCI 
and the resulting solution was stirred at RT overnight. The reaction mixture was concentrated in vacuo to 
afford 98 mg crude salt which was used without further purification. NMR (300 MHz, DMSO-d 6 rdeitaT20 
(d. J = 6Hz, 6H), 3.28 <m. 1H), 4.05 (d, J = 5Hz, 1H), 4.92 (m, 1H). 

B. morphoIinocarbonylPheNlenor-C-Sta i-propyl ester 

MorpholinocarbonylPheNle (142 mg) was coupled to HCl-nor-C-StaOiPr (92 mg) using the standard 
DCC reaction (Example 55). The crude material was chromatographed (9:1 CH 2 CI 2 :EtOH) to afford 60 ma 

5 00 (m°tH?* (3 °° MH2 ' CDCl3) de,ta 1 " 24 <a J=7H2, 6H) ' 4 * 06 (br ' 1H) ' 4 * 19 < m ' 1H >' 4 43 < m > 2H ) 
EXAMPLE 72 

MorpholinocarbonylPheO-MeSernor-C-Sta i-propyl ester (I, 2 = morpholinocarbonylamino; M = phenyl- Q = H* 
20 Rs = CH 3 OCHr; X = cyclohexyl; W = CH~OH; Z 1 = C02CH(CH 3 ) 2 ) 

A. morpholinocarbonylPheOMeSer methyl ester 

MorpholinocarbonylPhe (0.5 g) was coupled to DL-O-methylserineOMe (0.34 g) using the standard DEC 
25 reaction described in Example 58. The crude material (0.37 g) was used without further purification NMR 
(one isomer) (300 MHz, CDCb) delta 3.24 (s, 3H), 3.76 (s, 3H), 4 65 (m 1 H) ' , 
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B. morpholinocarbonylPheO-MeSer 

MorpholinocarbonylPheOMSerOMe (0.37 g) was saponified as described in Example 55 to afford 0 16 o 
crude acid which was used without further purification. NMR (one isomer) (300 MHz, CDCI 3 ) delta 3.1*8 (s 
on), 4.58 (m, 1H), 4.73 (m, 1H). 

C. morpholinocarbonylPheO-MeSernor-C-Sta i-propyl ester 

MorpholinocarbonylPheOMeSer (0.15 g) was coupled to HCI-nor-C-StaOiPr (0.10 g) using the standard 
reaction (Example 58). The crude material was chromatographed (29:1 CH 2 CI 2 :Et0H) to afford 43 mo 

P^P^f f" d 36 m 9 serine e P imer - NM R (major isomer) (300 MHz, CDCb) delta 3.14 (s, 3H). 4 13 (m 
<irl), 4.45 (m, 2H), 4.96 (m, 2H). 
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EXAMPLE 73 



MorpholmocarbonylPheO-EtSernor-C-Sta i-propyl ester (I, Z=morpholinocarbonylamino; M=phenyl: Q = H- 
R 2 = CH3CH2OCH2-; X = cyclohexyl; W = CH|||OH; and Z' = C02CH(CH 3 ) 2 ) 

A. BocO-EtSer 

To a solution of 0.94 g BocSer in 66 mL THF was added a solution of 1.47 g NaOMe in 2 6 mL MeOH 
followed by 11 7 g Etl. After 15 minutes, more NaOMe (0.49 g) and Etl (2 mL) were added and the reaction 
was st,rred at RT overnight. More NaOMe and Et« were added and the reaction was stirred for an addrtional 
6 hours. The mixture was concentrated in vacuo , dissolved in 25 mL H 2 0 and washed 2 x 25 mL ether The 
aqueous phase was acidified with concentrated HCI and extracted 4 x 25 mL CH^b. The combined extracts 

£nn mm! Z ^ S ?\ fi, T? d 3nd concentrated ID yacuo to 0.34 g crude product which carried on. NMR 
(300 MHz, CDCb), delta 1.19 (t. J = 7Hz. 3H). 1.46 (s. 9H). 3.53 (q. J = 7Hz. 2H). 4 43 (m 1H) 
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B. O-EtSer methyl ester hydrochloride 

A solution of 0.51 g BocOEtSer in 25 mL anhydrous MeOH was saturated with anhydrous HCI and 
stirred at RT for 18 hours. The solution was concentrated in vacuo and the solid residue was recrystallized 
5 (EtOH/ether) to afford 0.31 g pure salt. NMR (300 MHz, DMSOde) delta 1.10 (t, J = 8Hz, 3H) 3 48 (m 2H) 
3.75 (s.3H), 4.28 (m, 1H). 



70 
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C. morpholinocarbonylO-EtSer methyl ester 

MorpholinocarbonylPhe (0.36 g) was coupled to HCI-OEtSerOMe (0.25 g) using the standard DEC 
reaction (Example 58). The crude material was chromatographed (19:1 CH 2 Cl2:EtOH) to afford 0.22 g pure 
product. NMR (300 MHz, CDCb) delta 1.10 (t, J = 7Hz, 3H), 3.41 <q ( J=7Hz, 2H). 3.73 (s. 3H). 4.62 (m. 2H). 

D. morpholinocarbonylPheO-EtSer 



MorpholinocarbonylPheOEtSerOMe (0.22 g) was saponified as described in Example 55 to afford 0.15 g 
crude acid which was used without further purification. NMR (300 MHz, CDCI3) delta 1 12 (2t 3H) 4 62 (m 
20 1H), 4.72 (m, 1H). 

E. morpholinocarbonylPheO-EtSernor-C-Sta i-propyl ester 

25 MorpholinocarbonylPheOEtSer (75 mg) was coupled to HCI-nor-OStaOiPr (54 mg) using the standard 
DEC reaction (Example 58). The crude material was chromatographed (19:1 CH2CI 2 :EtOH) to afford 50 mg 
pure product NMR (300 MHz, CDCb) delta 1.12 (t. J=7Hz, 3H), 3.44 (q, J = 7Hz. 2H), 4.30 (m 1H) 4 43 
(m, 2H),5.04(m, 1H). 
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35 



MorpholinocarbonylPhetetamethyleneGlynor-C-Sta i-propyl ester (I, Z = morpholinocarbonylamino; 
M = phenyl; Q~H; R 2 « -(CH 2 ) 4 )-; X = cyclohexyl; W = CH|||OH; 7. 1 « C02CH(CH 3 ) 2 ) 

A. tetramethyleneglycine methyl ester hydrochloride 

A solution of 2.5 g alpha-tetramethyleneGly in 30 mL MeOH was saturated with anhydrous HCI and 
stirred at RT for 60 hours. The solution was concentrated in vacuo and the residue was recrystallized from 
40 ether/ethanol to afford 2.4 g pure product. NMR (300 MHz t DMSO-de) delta 3.77 (s. 3H). 

B. morphoIinocarbonylPheTMGly methyl ester 

45 MorpholinocarbonylPhe (0.50 g) was coupled to HCI-TMGIyOMe (0.36 g) using the standard DEC 
reaction (Example 58). The crude material (0.48 g) was used without further purification. NMR (300 MHz 
CDCfe) delta 3.67 (s, 3H). 4.57 (m, 2H), 5.51 (d, J = 6Hz. 1H). 

so C. morphoIinocarbonylPheTMGly 

MorpholinocarbonylPheTMGIyOMe (0.48 g) was saponified as described in Example 55 to afford 0.43 g 
crude acid which was carried on without further purification. NMR (300 MHz. DMSO-d 6 ) delta 4 39 (m 2H) 
6.55 (d, J = 8Hz, 1H). 

55 
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D. moipholinocarbonylPheTMGIynor-C-Sta i-propyl ester 



DEC Zl T *?2 Phe J MG| y < 011 9) was "up* to HCl-nor-C-StaOiPr (0.10 g) using the standard 
DEC reaction descnbed m Example 58. The crude material was chromatographed (3:1 EtOAc Hex) to afford 
5 70 mg pure product. NMR (300 MHz. CDCb) delta 4.21 (m. 1 H), 4.47 (m, 1 H), 4.98 (m. S). * 

EXAMPLE 75 

70 R 2 ^^^^ eSt6r ^morphorinocarbonylamino; M-pheny,; Q = H* 

R2-CH 3 (CH2)4-;X = cyclohexyl; W = CH|||OH; and 2^= C0 2 CH(CH 3 ) 2 ) P"wiyi, u «, 

A. PGly ethyl ester 

. =nd concede. Tns'Se «S££^ P 7SS2C?Z: 

25 B. rnorphoiinocarbonylPhePGJy ethy! ester 

30 01 * aaereomers a * e TOIy - NMR 000 MHz - ESS °:« CCS^* - 

C. morpholinocarbonylPhePGly 

MorpholinocarbonylPhePGIyOEt was saponified as described in Example 55 to afford 0 33 „ 
wh.cn was used without further purgation. NMR (300 MHz. CDCb) d^^C^^^S 
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(m, 1H). 

D. morpholinocarbonylPhePGIynor-C-Sta i-propyl ester 
I 

DEC 



EXAMPLE 76 

so MorpholinocarbonylPheO-MeHSenor-C-Sta i-propyl ester <\ 7- mftm h«„„« u . • 

Q-H:fc-CH«CH^X.c**^ M = Pn-y'= 

A. Boc O-methylhomoserine 
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B. BocO-MeHSenor-C-Sta i-propyl ester 

BocOMHse (0.45 g) was coupled to nor-C-StaOiPr (0.5 g) using the DEC procedure described in 
Example 58 except that no TEA was used. The crude material was chromatographed (1:1 EtOAcrHex) to 
afford 0.52 g pure product. NMR (300 MHz, CDCb) delta 1.21 (d. J = 7Hz. 6H). 1.38 (s, 9H), 3.27 (s 3H) 
4.19 <m, 1H), 4.38 (m, 1H), 4.96 (m, 1H). 



C. O-MeHSenor-C-Sta i-propyl ester 

BocOMeHse-nor-C-StaOiPr (0.52 g) was deprotected using the standard HCI/dioxane conditions de- 
scribed in Example 63. This afforded 0.66 g crude product which was used without further purification. NMR 
(300 MHz, DMSO-de) delta 1.18 (d. J = 7Hz. 6H), 3,24 (s, 3H>, 4.18 (m, 1H), 4.80 (m, 1H). 



D. morpholinocarbonylPheO-MeHSenor-C-Sta i-propyl ester 

MorpholinocarbonylPhe (0.19 g) was coupled to HCI-OMeHse-nor-C-StaOiPr (0.20 g) using the standard 
DEC procedure described in Example 58. The crude material was chromatographed (29:1 CH 2 CI 2 :MeOH) to 
afford 0.31 g pure product. NMR (300 MHz, CDCb) delta 1.23 (d. J=7Hz, 3H), 1.25 (d. J=7Hz 3H) 3 19 (s 
3H). 4.29 (m. 1 H), 4.42 (m, 2H). 5.04 (m, 1 H). ' 



EXAMPLE 77 

MorpholinocarbonylPheHsenor-C-Sta i-propyl ester (I, Z = morpho!inocarbonylamino; M = phenyl- Q = H* 
R 2 = HO(CH 2 )2-: X = cyciohexy I; W = CH|||OH; and Z' = C0 2 CH(CH 3 ) 2 ) 

A. BocO-benzylhomoserine 

BocHse (0.51 g) was benzylated as described for Ser in Example 73. This afforded 0.42 g crude 
product which was used without further purification. NMR (300 MHz, CDCb) delta 1.38 (s, 9H) 410 (m 1H1 
4.45(AB,2H). * ' 



B. BocO-benzylhomoserinenor-C-Sta i-propyl ester 

BocO-benzyiHse (0.40 g) was coupled to nor-C-StaOiPr (0.50 g) using the DEC reaction described in 
Example 76. The crude product was chromatographed (1:1 EtOAcrHex) to afford 0.53 g pure product NMR 
(300 MHz, CDCb) delta 1.22 (d. J = 7Hz. 6H). 1.40 <s t 9H). 4.10 (m, 1H) f 4.40 <m, 1H), 4.45 (m, 2H), 4.96 (m. 
1H). 

C. O-benzylhomoserinenor-C-Sta i-propyl ester hydrochloride 

BocO-benzylHse-nor-C-StaOiPr (0.53 g) was deprotected as described in Example 76 to afford 0.54 g 
crude salt which was used without further purification. NMR (300 MHz. DMSO-d 6 ) delta 1 17 (d J=7Hz 
3H), 1.18 (d, J = Hz, 3H), 4.21 (m, 1H), 4.47 (m, 2H), 4.80 (m. 1H). ' 



D. morpholinocarbonylPheO-benzylhomoserinenor-C-Sta i-propyl ester 

MorpholinocarbonylPhe (0.53 g) was coupled to HCI-O-benzylHse-nor-C-StaOiPr (0.54 g) using the DEC 
reaction described in Example 76. The crude material was chromatographed (19:1 Ch^brMeOH) to afford 
0.40 g pure product. NMR (300 MHz, CDCb) delta 1.24 (d. J = 7Hz. 3H), 1.27 (d, J = 7Hz, 3H), 4.28 (m 1H> 
4.39 <AB. 2H). 4.48 (m, 2H) f 5.04 (m, 1 H). 
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E. morpholinocarbonylPheHsenor-C-Sta i-propyl ester 

A mixture of 0.39 g morpholinocarbonylPheO-benzyl-Hse-nor-C-StaOiPr and 1.0 g 10% Pd/C in 40 mL 
MeOH was hydrogenated at 50 p.s.i. for 7 hours. The mixture was filtered and concentrated in vacuo and 
s the residue was chromatographed (19:1 CH 2 CI 2 :MeOH) to afford 91 mg pure product along wlttTiome 
unreacted starting material. NMR (300 MHz, DMSO-d 6 ) delta 1.17 (d, J = 7Hz, 3H) 1 19 (d J = 7Hz Shi\ 
4.29 (m. 2H). 4.47 (m, 1H), 4.83 (m, 1H). * " 1 ' h 

io EXAMPLE 78 

Mo^rpholinocarbonylPheS-MeCysoxid i-propyl ester (I, 2 = morpholinocarbonylamino; M- phenyl; 

Q = H;R 2 = CH 3 SOCH r ;X = cyclohexyl; W = CH|||OH;andZi=C0 2 CH(CH3)2) 

75 ,n \* e iS^l ° f 84 m9 mor P holinocarbon y |p heSMeCy S nor-C-StaOiPr (Example 17) and ZA mg m-CPBA in 
10 mL CifcCb was stirred at 0»C for 30 minutes. The solution was diluted with 30 mL EtOAc and was 
washed 2 x 25 mL 10% Na^O, and 1 x 15 mL 0.1N NaOH. The organic phase was dried over MgSO. 
filtered and concentrated in vacuoand the residue was chromatographed (17:3 CHfeCteEtOH) to afford 40 mo 

. wC^M™^ CDC,3> ^ <d " J = 7H2 * 6H,< 3H> - ^ (m " ^r^nTtH) 9 
EXAMPLE 79 

25 M^holinoca^rbonylPheS-MeCysdioxidenor-C-Sta i -propyl ester (I. 2 = morpholinocarbonylamino- 

" P henv| : Q « H; R 2 = CHsSOrfHr ; X = cyclohexyl; W = CH|||OH; and = CO^HfCH^) Don y ,anr » n °. - 

A solution of 20 mg morpholinocarbonylPheSMeCysnor-C-StaOiPr (Example 17) and 16 mg m-CPBA in 
3 mL CHsCfe was stirred 0' for 30 minutes. The reaction was worked up as in Example 78 and the residue " 

rj^snnSrfwF s^fn r ™ ord 13 m ° pure producL nmr (3 °° ^ cdc « 

(d, J — 7Hz, 3H), 1.30 (d, J = 7Hz. 3H), 3.00 (s, 3H). 4.26 (m, 1H), 4.45 (m. 1H). 4.85 (m. 1H). 5.06 (m, 1H). 
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EXAMPLE 80 

MorphoBnocarbonylPheSernor-C-Sta i-propyl ester (I, 2 = morpholinocarbonylamino; M- phenyl; Q = H- 
R 2 =HOCH 2 -;X=cyclohexyl; W = CH|||OH; and 2' = C0 2 CH(CH 3 ) 2 ) 

A. morpholinocarbonylPheO-Succinimide 

addJri iVn'rS I 25 9 mor P holinoc f bonylPhe and 15.5 g N-hydroxysuccinimide in 800 mL CH 2 Cb was 
added 19 g DEC. After starring for 20 hours at RT, the solution was washed 2 x 200 mL saturated NaHCO, 
dned over MgSO,. filtered and concentrated in vacuo. This afforded 29 g crude producfaH whte sS' 
NMR (300 MHz, CDCIa) delta 2.78 (m, 4H). 4. 8 7<d7j^8Hz, 1H). 5.09 (m. M 

B. morpholinocarbonylPheSer 

A solution of 0.50 g morphoiinocarbonylPheOSuc in 5 ml THF was added to a solution of 0 30 a Ser in 

w^oIlTim ' "? ^ reSU ' tin9 miXtUre W3S Stirred f0r 15 minutes - ™- reacC was 9 dt.ld 

coLntrln nrV f WMh8d 3 * 40 mL The aqueous phase was acidified Jn 

concentrated HCI and was extracted 6 x 75 mL EtOAc. The combined extracts were dried over MgloV 

no^r^TT^ f 0 * 040 9 Cmde product which was used without PurificaL nmr' 

(300 MHz. CDCb) delta 3.66 (m, 2H), 4.25 (m, 1H), 4.37 (m, 1H). 
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C. morpholinocarbonylPheSernor-C-Sta i-propyl ester 

MorpholinocarbonylPheSer (0.39 g) was coupled to nor-C-StaOiPr (0.33 g) using the DEC procedure 
described in Example 76. The crude material was chromatographed (24:1 CH 2 CI 2 :EtOH) to afford 0 23 g 
pure product. NMR (300 MHz, CDCI 3 ) delta 1.13 (d. J = 7Hz, 3H), 1.15 (d, J = 7Hz. 3H), 3.94 (m 1H) 420 
(m ( 2H), 4.30 (m, 1H), 4.88 (m, 1 H), 4.80 (m, 1H). 



EXAMPLE 81 



MorphoIinocarbonylPheAlanor-C-Sta i-propyl ester (I, 2 = morphoiinocarbonyiamino; M = phenyl- Q = H* 
R 2 = CH 3 ; X = cyclohexyl; W = CH|||OH; and 2 1 = CO^HfCHsfc) 

A. morpholinocarbonylPheAla 

Alanine (0.24 g) and morpholinocarbonylPheOSuc (0.50 g) were allowed to react as described in 
Example 80 to afford 0.15 g crude product which was used without further purification. NMR (300 MHz 
DMSO-de) delta (d, J=7Hz, 3H), 4.20 (m, 1H), 4.32 (m, 1H). 



B. morpholinocarbonylPheAlanor-C-Sta i-propyl ester 

MorpholinocarbonylPheAla (0.15 g) was coupled to nor-C-StaOiPr (0.13 g) using DEC as described in 
Example 76. The crude material was chromatographed (24:1 (C^CIsEtOH) to afford 0.18 g pure product 
NMR (300 MHz, CDCI3) delta 1.26 (d, J = 7Hz, 3H), 4.29 <m ( 1H) ( 4.38 (m, 1H), 4.48 <m, 1H), 4.96 (m 1H) 



EXAMPLE 82 

MorpholinocarbonylPheGlnnor-C-Sta i-propyl ester (I, Z = morpholinocarbonylamino; M = phenyl- Q = Ht*.#- 
(CH 2 ) 2 CONH 2 ; X = cyclohexyl; W = CH|||OH; and Z 1 = C0 2 CH(CH 3 ) 2 ) 

A. morpholinocarbonylPheGIn 

Glutamine (0.30 g) was allowed to react with morpholinocarbonylPheOSuc (0.50 g) as described in 
Example 80, affording 0.37 g crude product which was used without further purification. NMR (300 MHz 
DMSO-de) delta 3.43 (m f 4H), 4.15 (m, 1H), 4.31 (m, 1H). 



B. morphoiinocarbonylPheGlnnor-C-Sta i-propyl ester 

MorpholinocarbonylPheGIn (0.37 g) was coupled to nor-C-StaOiPr (0.24 g) using DEC as described in 
Example 76. The crude material was chromatographed (9:1 CHjCfeEtOH) to afford 0.18 g pure product 
NMR (300 MHz. DMSO-d 6 ) delta 1.17 (d, J = 7Hz, 6H), 3.94 (m. 1H), 4.8 (m, 2H), 4.25 <m, 1H), 4.80 (m 1H)' 



EXAMPLE 83 



MorpholinocarbonylPheNlenor-C-Sta 3-methyl-2-propanol ester (I, 2 = morpholinocarbonylamino; M = phenyl- 
Q = H; R 2 = n-butyl; X = cyclohexyl; W = CH|||OH; 2 1 = C0 2 CH(CH 3 )CH(CH 3 ) 2 ) 

A. nor-C-Sta 3-methyl-2-propanol ester hydrochloride 

A solution of 100 mg Boc-nor-C-Sta in 5 mL 3-methyl-2-propanol was saturated with anhydrous HCI and 
was stirred overnight. The solution was concentrated in vacuo to afford 89 mg crude product which was 
carried on without further purification. NMR (300 MHz, DMSO-de) delta 1.17 (d J = 7Hz 3H) 410 (m 1H1 
4.70 (m, 1H). }t 
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B. morpholinocarbonylPheNlenor-C-Sta 3-methyl-2-propanol ester § 

MorpholinocarbonylPheNle (113 mg, Example 63) was coupled to HCI-nor-C-Sta, 3-methyl-2-propanol 
ester (89 mg) using the standard DEC reaction described in Example 58. The crude product was 
chromatographed (19:1 CH 2 CI 2 :MeOH) to afford 79 mg pure product as a mixture of diastereomers at the - 
ester methyl. NMR (300 MHz, CDCI 3 ) delta 1.13 (d. J=6Hz, 3H). 4.15 (m. 1H). 4.71 (m 1H) 



TO 
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EXAMPLE 84 

MorpholinocarbonylPheS-MeCysnor-C-Sta i-butyl ester (I, 2 = morpholinocarbonylamino; M= phenyl- Q = H- 
Rz = CH3SCH2-; X = cyclohexyi; W = CH|||OH; and Z 1 = CH 2 CH(CH 3 ) 2 ) 

A. nor-phenylSta i-butyl ester 

A solution of N-Boc-2(R)-hydroxy-3(S)-amino-4-phenylbutanitrile (1.0 g) in 40 mL isobutyl alcohol was 
saturated with anhydrous HCI and was stirred for 48 hours at RT. The solution was concentrated and the 
res.due was diluted with 100 mL 0.1 N HCI. After stirring for 15 minutes, the solution was washed 2 x 100 
mL ether. The aqueous phase was made basic and extracted 2 x 100 mL EtOAc. The combined extracts 
were dried over MgSO*. filtered and concentrated in vacuo to afford 0.43 g crude product which was used 
without further purification. NMR (300 MHz, CDCI3) delta 0.93 (d. J = 6Hz. 3H), 3.34 (m 1H) 3 97 (m 2Ht 
4.07 (d. J = 3HZ. 1H). \ • /. - \>», *n;, 



25 B. nor-C-Sta i-butyl ester 



30 



A mixture of 95 mg nor-PhStaOiBu and 190 mg 10%Rh/C in 5 mL meOH was hydrogenated at 50 p.s i 
for 36 hours. The mixture was filtered through Celite and concentrated. The residue was dissolved in 50 mL 
0.1 N HCI and washed 2 x 50 mL ether. The aqueous phase was made basic and extracted 2 x 50 mL 
EtOAc. The combined extracts were dried over MgSC-4, filtered and concentrated to afford 74 mg crude 
product which was used without further purification. NMR (300 MHz, CDCI3) delta 0.92 (d. J=6Hz, 3H), 4.03 
(m, 2H). 1 1 



35 C. morpholinocarbonylPheS-MeCysnor-C-Sta i-butyl ester 

MorpholinOcarbonylPheSMeCys (113 mg. Example 58) was coupled to nor-C-StaOiBu (70 mg) usinq 

?w^!f^?? ed « e J de n 5Cribed ^P' 6 76 - The crude matenal was chromatographed (19:1 
CH 2 CI 2 :MeOH) to afford 127 mg pure product. NMR (300 MHz, CDCI3) delta 0.95 (d. J = 6Hz 3m 213 <s 
40 3H). 3.95 (m. 2H). 4.43 (m, 2H). ' '* * ' 
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EXAMPLE 85 

MorpholinocarbonylPheSMeCysnor-C-Sta t-butyl ester (I, 2 = morpholinocarbonylamino; M= phenyl- Q = H- 
R2 = CH 3 SCH2-; X = cyclohexyi; W = CH|||OH; 2i = C02C(CH 3 ) 3 ) 

A. nor-phenylSta t-butyl ester 

The procedure for the preparation of norPhStaOiBu (Example 83) was followed for 3.0 g nitrite in 200 

1^^^ 184 m9 ° rUde pr ° duCt after WOrk - up ' which was used with °* further Purification. 
NMR (300 MHz. CDCI3) delta (s, 9H0, 3.64 (m. 1 H), 3.83 (d, J = 3Hz 1 H) 



55 B. nor-C-Sta t-butyl ester 

r,?r D PI T Sta0tBu (75 m9) WaS n y dr °9enated as in Example 83 to afford 64 mg crude product after work- 
up. NMR (300 MHz, CDCI3) delta 1.32 (s, 9H), 3.47 (m, 1H), 3.18 (br, 1H). aucianerwork 



56 



BNSDOCID: <EP 02669S0A2J_> 



0 266 950 



C. morpholinocarbonylPheS-MeCysnor-C-Sta t-butyl ester 

MorpholinocarbonylPheSMeCys (97 mg, Example 58) was couOpled to 60 mg nor-C-StaOtBu using the 
DEC procedure described in Example 76. The crude material was chromatographed (19:1 CH^fe-MeOHO to 
afford 50 mg pure product. NMR (300 MHz, CDCI 3 ) delta 1.35.(s. 9H), 2.13 (s, 3H). 3.98 (m 1H) 4 30 fm 
1H), 4.57 (m, 2H). '' 1 ' 

EXAMPLE 86 

MorpholinocarbonylPheS-MeCysnor-C-Sta N-methyl amide (I, Z = morpholinocarbonylamino; M = phenyl" 
Q = H; Ffe = CH3SCH2: X = cyclohexyl; W = CH||jOH; and Z 1 = CONHCH3) 

A. Boc-nor-C-Sta N-methyl amide 

Boc-nor-OSta (0.25 g) was coupled to 57 mg methylamine-HCI using the standard DCC reaction 
described in Example 55. The crude material was chromatographed (2:1 EtOAc:Hex) to afford 0 16 0 Dure 
product. NMR (300 MHz. CDCI3) delta 1 .41 (s, 9H). 2.82 (d. J = 5Hz. 3H). 3.85 (m, 1 H). 

B. nor-C-Sta N-methyl amide 

Boc-nor-C-StaNHMe (0.16 g) was deprotected using HCI in dioxane as described in Example 63 to 
afford 0.13 g crude salt which was used without further purification. NMR (300 MHz, DMSO-de) delta 2 62 Is 
3H), 3.97 (d, J = 4Hz. 1H). y 

C. morpholinocafbonylPheS-MeCysnor-C-Sta N-methyl amide 

MorpholinocarbonylPheSMeCys (98 mg. Example 58) was coupled to 73 mg HCI-nor-C-StaNHMe *wng 
the DEC procedure described in Example 58. The crude material was chromatographed (19:1 CHzClrEtOH) 
to afford 52 mg product as a mixture of SMCys epimers. NMR (one isomer) (300 MHz, CDCM delta (2 02 
(s. 3H). 2.79 (d. J t= 5Hz, 3H), 4.29 (m, 1 H), 4.57 (m, 2H). 

EXAMPLE 87 

MorpholinocarbonylPheS-MeCysnor-Ph-Sta i-propyl ester (I. 2 = morpholinocarbonylamino; M = phenyl; 
Q = H; R2=CH 3 SCH C ; X = phenyl; W = CH|||OH; Z' = COjCH(CH 3 )2) 

A. nor-phenyl-Sta i-propyl ester 

Nor-Ph-StaOiPr was prepared from 118 mg of the nitrite in an analogous manner as the isobutyl ester 
TT. 8 " 1 ™ )- affor< ted 89 mg crude product which was used without further purification. NMR (300 
MHz, CDCb) delta 1 .26 (d, J = 7Hz, 6H). 3.30 (m. 1 H), 4.01 (d. J = 2Hz. 1 H), 5.1 0 (m, 1 H). 

B. morpholinocarbonylPheS-MeCysnor-phenyl-Sta i-propyl ester 

MorpholinocarbonylPheSMeCys (0.96 g, Example 58) was coupled to 0.55 g nor-PhStaOiPr using the 
DEC procedure described in Example 76. The crude material was chromatographed (19:1 CHzCfe-MeOH) to 
afford 0.91 g pure product. NMR (300 MHz, CDCI3) delta 1.18 (d. J=7Hz. 3H), 1.21 (d J = 7Hz 3H> 2 00 <s 
3H). 4.41 (m. 2H), 4.49 (m. 1H). 5.00 (m, 1H). 11.*. on,. *.uu (s, 

EXAMPLE 88 
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^ZnTn Ca uT {0 T T TT n0r '°' Sta 6Ster (1, 2 = ^orpholinocarbonylamino; M = p-methox- 

yphenyl: Q = H; R 2 = n-butyl;X = cyclohexyl; W = CH|||OH; and = C0 2 CH(CH 3 ) 2 ) 

A. BocO-MeTyr methyl ester 

m. »t^ U lTv ° f 7 oA B ° CTyr 100 mL Me0H W3S treated with a lar 9 e excess ° f diazomethane in 250 
mL ether. At times 24 hours and 48 hours, more diazomethane was added. After 72 hours total the reaction 

ZhSo T T C> COnCentrated ' diluted with 100 aOAc and washed 2 x S , J s2ae d 
^ ^ "e °rgan,c Phase was dried over MgSOt filtered and concentrated. The residue was chromatoa- 

Xfr^H^uXlT" 64 9 PUre Pr ° dUCt ' (3 °° MH2 ' CDCl3) dete ^ ^ 



75 



30 



35 



40 



45 



B. O-MeTyr methyl ester hydrochloride 

BocO-MeTyrOme (6.4 g) was deprotected using HCI in dioxane as described in Example 63 This 
IrT^l l^^sZ^^T Wlth ° Ut fUnher PUrifiCati ° n * (3 °° MH2 ' DMSO -^ ^ 



20 



SO 



C. O-MeTyr methyl ester isocyanate 



Into a suspension of 5.1 g HCI-O-MeTyrOMe in 150 ml toluene was bubbled phosoene as the 
temperature was slowly increased to reflux. After all material had dissolved, the solute,! w2 and 

25 isrisa^r/fj izzsr-- nmr (3o ° MHz - cdc,3) de,ta 3 - 85 f^nsTiTS 



55 



D. morpholinocarbonylO-MeTyr methyl ester 



aw V S ° , 5 0 9 °- MeT y rOM e-isocyanate in 150 mL ChfeCk at 0- was added 2.4 g moraholine 
ifHTJS T"" the S ° m ° n «»*■'*■« «nd the residue was dwrn^^iSSSSi 

I - 8Hz 1 m 9 PUre Pr ° dUCL (3 °° MHZ ' CDCb) d6,ta 3 - 66 (S ' 3H) ' 3 72 < s ' 3H >. 4 ^ (m i Hi. S? W 



morpholinocarbonylO-MeTyr 



•aid's. 0 "" 008 * 0 - 1-IO-MeTyrOMe (3.6 9 ) was saponllled as described In Example 55 » aflcrd 3 0 crude 

m <dT.e£ ^~j:^r B ° n - nmr (3 °° mh2 ' oDob » asiB 3 ™ * •* ™ " ^ 

F. morpholinocarbonylO-MeTyrNle benzyl ester 

MorpholinocarbonylO-MeTyr (0.50 g) was coupled to 0.42 g HCI-NleOBn using the standard DEC 
reacton (Example 58). The crude material was chromatography (19-1 CH 2 CI 2 MeOH?t 0 n 
product. NMR (300 MHz, CDCb) delta 3.76 (s. 3H), 4.50 (m. 2^, 5 13) CH2C ' 2Me ° H) t0 afford ^ 9 P ure 

Q. morpholinocarbonylO-MeTyrNle 

A mixture of 0.77 g morpholinocarbonylO-MeTyrNleOBn and 0.38 g 10% Pd on carbon in 60 mL BOH 
was hydrogenated at 50 P .s.i. for 3 hours. The mixture was filtered through Celite and^enLtedTn vaSo 
to afford 0.63 g crude acid. NMR (300 MHz. CDCb) de.ta 3.72 (s. 3H). 4.44 (m. 1^ 4^^ 
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H. morpholinocarbonylO-MeTyrNienor-C-Sta i-propyl ester 

MorpholinocarbonylO-MeTyrNle (74 mg) was coupled to 51 mg HCI-nor-C-StaOiPr using the standard 
DCC reaction described in Example 55. The crude material was chromatographed (19:1 ChkCbrMeOH) to 
afford 98 mg pure product. NMR (300 MHz, CDCb) delta 3.78 (s, 3H), 4.21 (m, 1H), 4.42 (m, 2H), 5.03 <m 
1H). 



EXAMPLE 89 

MorpholinocarbonylO-MeTyrS-MeCysnor-C-Sta i-propyl ester (I. Z = morpholinocarbonylamino; M = d- 
methoxyphenyl; Q = H; R 2 =CH 3 SCHr; X = cyclohe"xyl; W = CH|||OH; and Z 1 = C0 2 CH(CH 3 )2) 

A. morpholinocarbonylO-MeTyrS-MeCys methyl ester 

MorpholinocarbonylO-MeTyr (0.25 g. Example 36) was coupled to 0.36 g HCI-S-MeCysOMe using the 
standard DEC reaction described in Example 58. This afforded 0.32 g crude product which was used 
without further purification. NMR (300 MHz, CDCb) delta 2.01 (s, 3H) t 3.71 (s, 3H), 3.74 (s, 3H) 4 55 (m 
1H), 4.65 (m, 1H). 



B. morpholinocarbonyiO-MeTyrS-MeCys 

MorpholinocarbonylOMeCysOMe (0.32 g) was saponified as described in Example 55 to afford 0.28 g 
crude acid which was used without further purification. NMR (300 MHz, CDCfe) delta 2.1 1 (s t 3H) 3 78 (s 
3H), 4.69 (m, 1H), 4.77 (m, 1H). 



C. morpholinocarbonylO-MeTyrS-MeCysnor-C-Sta j-propyl ester 

MorpholinocarbonylO-MeCys (0.17 g) was coupled to 0.10 g HCI-nor-C-StaOiPr using the standard DEC 
reaction described in Example 58. The crude material was chromatographed (19:1 CH2Cb:EtOH) to afford 
0.18 g pure product NMR (300 MHz, CDCI 3 ) delta 2.08 (s, 3H), 3.75 (s. 3H), 4.39 (m, 3H), 5.01 (m, 1H). 



EXAMPLE 90 

MorpholinocarbonylO-MeTyrNlenor-C-Sta methyl ester (I. Z = morpholinocarbonylamino; M = p-methox- 
yphenyl; Q = H; R 2 =n-butyl; X = cyclohexyl; W-CH|||OH; and Z 1 =C0 2 CH 3 ) 

MorpholinocarbonylTyrNle (100 mg, Example 88) was coupled to 65 mg HCI-nor-C-StaOMe (Example 
55) using the standard DEC reaction (Example 58J. The crude material was chromatographed (19:1 
CH 2 Cl2iMeOH) to afford 121 mg pure product. NMR (300 MHz, CDCI3) delta 3.8D (s, 3H), 3.82 (s 3H) 4 26 
(m. 1 H), 4.45 <m, 2H). 



EXAMPLE 91 

MorpholinocarbonylO-MeJyrNlenor-C-Sta N-methyl amide (I, Z = morpholinocarbonylamino; M = p-methox- 
yphenyi; Q = H; R 2 = n-butyl; X = cyclohexyl; W = CH"OH; and Z 1 = CONHCH 3 

MorpholinocarbonylO-MeTyrNle (132 mg, Example 88) was coupled to 78 mg HCI-nor-C-StaNHMe 
(Example 86) using the standard DCC reaction described in Example 55. The crude material was 
chromatographed (9:1 CH2Cfe:MeOH) to afford 155 mg pure product. NMR (300 MHz, CDCI 3 ) delta 2.79 (d 
J = 5Hz, 3H), 3.75 (s, 3H), 4.22 (m, 1 H), 4.30 (m. 2H). 



EXAMPLE 92 



59 



_0266950A2J_> 



0 266 950 



10 



MorpholinocarbonylTyrS-MeCysnor-C-Sta i-propyl ester (I, Z = morpholinocarbonylamino; M 
=£-hydroxyphenyl; Q = H; R 2 = CH3SCH2-; X = cyclohexyl; W = CH|||OH; and Z 1 = C0 2 CH(CH 3 ) 2 ) 

A. BocS-MeCysnor-C-Sta i-propyl ester 

BocS-MeCys (1.1 g) was coupled to 1.0 g nor-C-StaOiPr using DEC as described in Example 76 to 
afford 1.8 g crude material which was used without further purification. NMR (300 MHz CDCW delta 1 25 (d 
J = 6Hz, 6H), 1.43 (s, 9H), 2.14 (s, 3H), 4.08 (m, 1H), 4.43 (m, 1H), 4.98 (m. 1H). 

B. S-MeCysnor-C-Sta i-propyl ester hydrochloride 

♦ "MeCys-nor-C-StaOiPr (0.42 g) was deprotected using HCI in dioxane as described in Example 63 

to afford 0.38 g crude salt which was used without further purification. NMR (300 MHz, DMSO-d e ) delta 1 19 
75 (d. J = 6Hz.3H). 1.20 (d,J=6Hz.3H). 2.16 (s.3H), 3.95 (m.1H). 4.20 (m,1H). 4.83 (m. 1H). 

C. morpholinocarbonyl O-benzyfTyr 

20 To a solution of 0.5 g O-benzylTyr in 20 mL dioxane and 5 mL 2N NOH was added 0 31 o 
morphol.nocarbonylchloride and the resulting mixture was stirred at RT overnight. The solution was 
concentrated and the residue was diluted with 200 mL HaO and washed 2 x 200 mL ether The aaueous 
phase was acidified and extracted 2 x 200 mL CHCb. The combined extracts were dried over MgSO* 

* Mu re nf^ ( L 0 ? , : e, ! trateCl t0 °- 18 9 Cmde pr0dUCt WhiCh was used without furthe| - Purification. NMR (300 
25 MHz, DMSO-ds) delta 4.13 (m, 1H), 5.04 (s, 2H). 



45 



so 



D. morpholinocarbonylTyr 



30 A mixture of 0.18 g morpholinocarbonylO-benzylTyr and 0.18 g 10% Pd on carbon in 20 mL MeOH was 
hydrogenated at 50 p^J. for 18 hours. The mixture was filtered through Celite and concentrated to afford 

ih) 6^ jt?Hz x wTiiizvr" purif,cation " NMR <30 ° mhz> DMso * ds) de,ta 404 <m> 

35 

E. morpholinocarbonylTyrS-MeCysnor-C-Sta i-propyl ester 

DB^^^ b0n T T rJV. 3 9> W3S C0UP ' ed t0 QXT 9 HCIS-MeCysnor-C-StaOiPr using the standard 
reaction (Example 58). The crude product was chromatographed (9:1 CHaCfe.MeOH) to afford 0 15 o 
40 pure product. NMR (300 MHz. CDCb) de.ta 1.24 (d, J=6Hz, 3H), 1.26 (d. J = 6Hz! 3H) 4^1 ( m 3^) 5 0 2 
(m, in). '* 



EXAMPLE 93 



Morpholinocarbonyl o-TyrS-MeCysnor-C-Sta i-propyl ester (I, Z = morpholinocarbonylamino; M = o-hydrox- 
yphenyl ; Q = H : R 2 =CH3SCH 2 -;X=cyclohexyi ; W = CH|||OH;andZi=CO z CH(CH3) 2 ) £ nyarox 



A. Boc o-Tyr 



To a mixture of 1.1 g o-Tyr in 15 mL THF and 15 mL 20% NazCOj was added 2.0 g Boc 2 0 and the 

1^1 i ? 2 ? f he combined extracts were dri <* over MgSO*. filtered and concentrated. The 

SS TSZ ST TST^S ether - hexane to afford 1-2 9 Pure product. NMR (300 MHz, DMSO-de) delta 
00 1.0^ {s, yn), 4.10 (in, 1 H). 
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B. Boc O-benzyl-o-Tyr benzyl ester 

A mixture of 1.2 g Boc-oTyr. 1.1 mL benzylbromide and 1.3 g K?C0 3 in 40 mL acetone was heated to 
reflux for 20 hours. Additional reagents (benzylbromide 0.25 mL, K2CO3 0.36 g) were added and heating was 
continued for 2 hours. The cooled mixture was diluted with 40 mL H2O and extracted 3 x 75 mL EtOAc. The 
combined extracts were washed 3 x 50 mL H2O, dried over MgSO*. filtered and concentrated. Chromatog- 
raphy (4:1 Hex:EtOAc. The combined extracts were washed 3 x 50 mL H2O, dried over MgS0<, filtered and 
concentrated. Chromatography (4:1 Hex:EtOAc) afforded 1.25 g pure product. NMR (300 MHz, CDCI3) delta 
1 .38 (s, 9H) t 4.58 (m, 1 H), 5.06 (m, 4H). 

C. O-benzyl-o-Tyr benzyl ester hydrochloride 



BocO-benzyl-o-Tyr benzyl ester (1.25 g) was deprotected using HCI in dioxane as described in 
75 Example 63 to afford 1 .1 g crude salt which was used without further purification. NMR (300 MHz DMSO- 
d 6 ) delta 4.24 (m, 1H), 5.02 (AB, 2H), 5.12 (s, 2H). 

D. morpholinocarbonylObenzyl-o-Tyr benzyl ester 

20 

O-Benzyl-o -Tyr benzyl ester (1.1 g) was treated with phosgene in refluxing toluene as described in 
Example 88. The crude isocyanate was dissolved in 15 mL CH2CI2, cooled to 0° and treated with 0.35 g 
morpholine. The solution was stirred at RT for 3 hours, after which it was diluted with 50 mL EtOAc and 
washed with 15 mL 0.1 N HCI and 2 x 15 mL saturated NaHC0 3 . The organic phase was dried over MgS0 4 
25 filtered and concentrated. The residue was chromatographed (2:3 Hex:EtOAc) to afford 0.60 g pure product 1 
NMR (300 MHz, CDCI3) delta 4.65 (m, 1H), 5.06 (AB, 2H). 5.07 (s, 2H) 



E. morpholinocarbonylO-benzyl-o-Tyr 



A mixture of 0.60 g morpholinocarbonyl-O-benzyl-o-Tyr benzyl ester and 2 g K^COa in 5 mL H2O and 15 
mL MeOH was heated to reflux for 18 hours. The solution was concentrated and the residue was diluted 
with 30 mL H2O and washed 2 x 25 mL ether. The aqueous layer was acidified and extracted 3 x 50 mL 
EtOAc. The combined extracts were dried over MgS0 4 . filtered and concentrated to afford 0.35 g crude 
35 acid. NMR (300 MHz, DMSO-d 6 ) delta 4.37 (m, 1H), 5.12 (s. 2H). 



F. morpholinocarbonyl-o-Tyr 



A mixture of 0.35 g morpholinocarbonylO-benzyl-o-Tyr and 0.35 g 10% Pd on carbon in 30 mL MeOH 
was hydrogenated at 50 p.s.i. for 18 hours. The mixture was filtered through Celite and concentrated to 
afford 0.33 g crude material. NMR (300 MHz, DMSO-de) delta 4.16 (m, 1H). 

45 G. morpholinocarbonyl-o -TyrS-MeCysnor-C-Sta i-propyl ester 

Morphoiinocarbonyl-o-Tyr (0.10 g) was coupled to 0.12 g S-MeCys-nor-C-StaOIPr using DEC as 
described in Example 76. The crude material was chromatographed (9:1 CH 2 CI 2 :Me0H) to afford 0.13 g 
pure product as a mixture at the o-Tyr position. NMR (one isomer) (300 MHz, CDCb) delta 1.98 (s 3H) 4 36 
50 (m, 3H), 4.97 (mJH).'- ' 

EXAMPLE 94 



Morpholinocarbonyl E'CITyrS-MeCysnor-C-Sta i-propyl ester (I, 2 = morpholinocarbonylamino; M = p- 
chlorophenyl; Q = H; R 2 =CH 3 SCH 2 ; X = cyclohexyl; W = CH|||OH; Z» = C02CH(CH 3 ) 2 ) 
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A. morpholinocarbonyl-p-chloroTyr 



To a solution of 0.5 g g-chloroTyr in 5 mL 2N NaOH and 20 mL dioxane was added 0 36 g 
morpholinecarbonylchloride as described in Example 92 to afford 0.26 g crude product which was used 
without further purification. NMR (300 MHz. DMSO-d 6 ) delta 4.65 (m, 1H). 6.97 (d, J = 8Hz. 2H). 7.19 (d. 
J - 8Hz, 2H). 



10 



16 



25 



B. morpholinocarbonyl 2'CITyrS-MeCysnor-C-Sta i-propyl ester 

Morpholinocarbonyl B -CITyr (70 mg) was coupled to 82 mg S-MeCysnor-C-StaOiPr using DEC as 
described in Example 76. The crude material was chromatographed (19:1 CH 2 CI 2 :MeOH) to afford 118 mg 
pure product as a mixture of isomers at the pCTyr position. NMR (one isomer) (300 MHz. CDCfe) delta 1 97 
(s. 3H), 4.37 (m, 3H). 5.96 (m. 1H). ' ■ 

EXAMPLE 95 

2-Morpholino-3-phenylpropionylNlenor-C-Sta i -propyl ester (I. 2 = morpholino; M = phenyl- Q = H- R 
20 2=n-butyl;X = cyclohexyl; W = CH|||OH;and2i=C02CH(CH 3 ) 2 ) 

A. ethyl 2-morpholino-3-phenylpropionate 

A solution of 2.0 g ethyl 2-bromo-3-phenylpropionate and 2.8 g morpholine in 5 mL DMF was stirred 
overnight at RT. The mixture was diluted with 75 mL 1% HCI and washed 3 x 50 mL ether. The aqueous 
phase was made basic and extracted 3 x 100 mL EtOAc. The combined extracts were dried over MgSO, " 

mmo 1™ ^ n °™ ? d J T He r6Sidue W3S chr O f "at09raphed (35% EtOAcrHex) to afford 0.8 g pure product! 
NMR (300 MHz. CDCfe) delta 1.12 (t, J = 7Hz. 3H). 3.36 (m. 1 H). 4.04 (m. 2H). 

B. 2-morpholino-3-phenylpropionic acid 

A solution of 0.65 g of the ethyl ester of Example 95A in 3.7 mL 1N NaOH and 5 mL MeOH was 
refluxed for 5 1 hours The solution was acidified with anhydrous HCI and concentrated. The residue was 
dried thoroughly on high vacuum. NMR (300 MHz. DMSO-ds) delta 3.90 (br. 4H). 4.15 (m. 1H). 

C. 2-morphoiino-3-phenylpropionylNle benzyl ester 

The Product of Example 95B(0.35 g) was coupled to 0.33 g NleObenzyl ester using DEC as described 
in Example 58. The crude material was chromatographed (39:1 CH 2 Cb:MeOH) to afford 0.45 g product as a 
mixture of ison^ers at the MPP position. NMR (one isomer) (300 MHz. CDCb) delta 3.68 (m 4H>, 4.57 (m 

I rlj, 5.17 (AB, 2H). * 

D. 2-morpholino-3-phenylpropionylNle 

The product of Example 95C (0.55 g) was deprotected by hydrogenation (40 psi) with 0 28 g 10% Pd 
or , carbon in 50 mL MeOH for 2 hours. The mixture was filtered through Cehte and concentrated" to a«or2 

5»v f / ^ W3S US6d With0Ut fUrther Purtfcaflon. NMR (300 MHz. DMSO-d 6 ) delta 3.74 (m. 

^•""f/t 4.38 (m, 1 H). ' 
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E. 2-morpholino-3-phenylpropionylNlenor-C-Sta i-propyl ester 

The product of Example 95D (54 mg) was coupled to 43 mg HCI-nor-C-StaOiPr using DEC as 
described in Example 58. The crude material was chromatographed (19:1 CH^brMeOH) to afford 49 mg 
5 pure product and 47 mg of the MPP diastereomer. NMR (300 MHz, CDCb) delta 4.12 (m, 1H), 4 39 (m "lH) 
5.00 (m, 1H). 



EXAMPLE 96 

70 

2-(4-Methylpiperazino)-3-phenylNlenor-C-Sta i-propyl ester (I, 2 = 4-methylpiperazino; M = phenyl- 
X = cyclohexyl; Q = H; R 2 = n-buty I; W = CH|||OH; and Z 1 = C0 2 CH(CH 3 )2) 

A. 2-(4-methylpiperazino)-3-phenylpropionic acid ethyl ester 

75 

Ethyl 2-bromo-3-phenylpropionate (1.95 g) was treated with 3.05 g N-methylpiperazine as described in 
Example 95 to afford 0.30 g pure product after chromatography (9:1 CHaCbMeOH). NMR (300 MHz 
CDCI 3 ) delta 1.10 (d, J = 7Hz, 3H), 2.26 (s, 3H), 3.37 (m, 1H), 4.00 (m. 2H). 

20 

B. 2-(4-methylpiperazino)-3-phenylpropionic acid 

A mixture of 0.56 g of the ethyl ester of Example 96A in 31 mL 1N NaOH and 20 mL EtOH was 
refluxed for 16 hours. Anhydrous HC! was bubbled in and the mixture was concentrated. The residue was 
25 dissolved in warm iPrOH-MeOH (1:1) and filtered and the filtrate was concentrated to afford 0.55 g crude 
product. NMR (300 MHz. DMSO-cfe 2.72 (s, 3H), 3.80 (m, 1H). 



C. 2-(4-methylpiperazino)-3-phenylpropionylNle benzyl ester 

The product of Example 96B (0.55 g) was coupled to 0.51 g NleOBn using the DEC procedure 
described in Example 58. The crude material was chromatographed (19:1 CH 2 Cb:MeOH) to afford 0.42 g 
product as a mixture of MPPP epimers. NMR (300 MHz, CDCb) delta 1.27 (s. 3H), 2.85 (m, 1H> 3 26 (m 
1H), 4.54 (m, 1H). 



D. 2-(4-methylpiperazino)-3-phenylpropionylNle 

The product of example 96C (0.42 g) was deprotected as described in Example 95 to afford 0.31 g of 
40 crude acid which was used without further purification. NMR (300 MHz. DMSO-d 6 ) delta 2 48 (s 3H) 4 32 
(m t 1H). 



E. 2-(4-methylpiperazino)-3-phenylpropionylNle nor-C-Sta i-propyl ester 

The product of Example 96D (76 mg) was coupled to 60 mg HCI-nor-C-StaOiPr using DEC (Example 
58). The crude material was chromatorgaphed (9:1 CH2CI 2 :MeOH) to afford 30 mg and 33 mg of MPPP 
epimers. NMR (300 MHz. CDC! 3 ) delta 2.35 (s. 3H). 4.16 (m. 1H). 4.40 <m. 1H). 5.01 (m. 1H) 



EXAMPLE 97 

2-(3,5-dioxomorpholino)-3-phenylpropionylNlenor-C_Sta i -propyl ester (I, Z = 3.5-dioxomorpholino- 
M = phenyl: Q = H; Rrn-butyl; X = cyclohexyl; W = CH|||OH; and Z 1 = C02CH(CH 3 )2 
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A. 2-(3,5-dioxomorpholino)-3-phenylpropionic acid benzyl ester 

To a solution of 0.21 g HCI-PheO-benzyl ester and 0.10 mL TEA in 10 mL CHzCfe was added to 80 mo 
glycolic anhydride. The solution was stirred at RT for 2 hours. The mixture was diluted with 200 mL EtOAc 
and washed 2 x 20 mL 0.1N HCI, 20 mL H 2 0 and 20 mL brine. The organic phase was dried over MgSO, 
filtered and concentrated to afford 0.32 g crude product. NMR (300 MHz, CDCW delta 314 (m 2H> 412 
(m, 4H), 4.95 (m, 1H), 5.13 (AB, 2H). * ' 

A solution of the above crude acid and 76 mg pyridine in 5 mL AcaO was heated to 100° for 18 hours 
The reaction was added to 100 mL HaO and was extracted 2 x 100 mL EtOAc. The combined extracts were 

m«<£ T h° W } °- 1N HCI ' 20 mL °- 1N Na0H and 20 mL Hz0 - ^ ° r9anic Ph— was dried ove* 
MgSO* filtered and concentrated to afford 0.23 g crude product. NMR (300 MHz. CDCfe) delta 4 18 (2AB 
4H), 5.19 (AB, 2H), 5.53 (m, 1H). * * 



is B. 2-(3.5-dioxomorpholino)-3-phenylpropinic acid 

The product of Example 97A was deprotected as described in Example 95 to afford 0.15 q of crude 
product. NMR (300 MHZ, DMSO-d 6 ) delta 4.32 (AB, 4H). 5.30 (m. 1 H). 9 



20 



C. 2-(3,5-dioxomorpholino)-3-phenylpropionylNle benzyl ester 



The product of Example 97B (0.15 g) was coupled to 0.16 g HCI-NleObenzyl ester using the standard 
« « Vn^ 011 descnbed in Example 58. The crude material was chromatographed (4:1 CHaClsMeOH) to 
25 afford 0.14 g pure product. NMR (300 MHz, CDCb) delta 4.18 (AB. 4H), 4.63 (m. 1H). 5.16 (AB. 2H). 

D. 2-(3,5-dioxomorpholino)-3-phenylpropionylNle 

30 * e P ' 0d "°l.fL Example 970 (0 - 14 9) was deprotoctod as described in Example 95 to afford 012 q 
crude product. NMR (300 MHz, DMSO-de) delta 4.24 (AB, 4H). 4.62 (m. 1 H). 5.1 7 ( m ; 1 H). ' 9 

E. 2-(3,5-dioxomorpholino')-3-phenylpropionylNle nor-C-Sta i-propyl ester 

38 

n*J£n H™*"? 'T™^, 97 ° <0 ' 12 9) W8S C0Upled to H CI-nor-C-StaOiPr using the standard DEC 
reaction descnbed in Example 58. The crude material was chromatographed (19:1 CI-fcClsMeOH) to afford 
88 mg pure product. NMR (300 MHz, CDCI 3 ) delta 4.18 (m. 1H). 4.32 (s. 4H). 4.48 (m. 1 H), 5.02 (m. 1 hT 

40 

EXAMPLE 98 

^OxomonDholinohS-phenylpropionylNlenor-C-Sta i-propyl ester (I. 2 = 3-oxomorpholino; M = pheny|- 
Q = H;R 2 =n-butyl;X = cyclohexyl;W = CH|||OH;and2i = C0 2 CH(CH3) 2 ) 

45 

A. N-glycoloylphenylalanine benzyl ester 

/ C T ° . S S U - ti °L° f 2-23 9 ° f the ac y |ation P rodu ct between PheObenzyl ester and glycolic anhydride 

so for 5 hours. hfeO (5 mL) was added dropwise followed by 5 mL 0.1 N HCI. The mixture was added 150 mL 

nSh ^ mL T*" 2 X ^ B0Aa ^ C ° mbined 6XtraCte W6re Washed 2 * » «• oS * 
NaOH. 30 mL HzO. The organ.c phase was dried over MgSO*. filtered and concentrated. The residue was 

Z)T^T^). SlS (AB^r 0 ^ t0 aff ° rd 0 9 PUre Pr ° dUCt (3 °° MH2> CDCb> d6 ^ 99 
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B. N-(0-mesylglycolyl)phenylalanine benzyl ester 

To a solution of 0.41 g of the above alcohol and 0.41 g TEA in 10 mL CH 2 CI 2 at 0° was added 0.11 mL 
mesyl chloride dropwise, and the resulting solution was stirred at 0° for 1 hour. The solution was diluted 
with 200 mL EtOAc and washed with 30 mL 0.1 N HCI, 0.1 N NaOH. The organic phase was dried over 
MgS0 4 . filtered and concentrated to afford 0.25 g crude mesylate. NMR (300 MHz. CDCb) delta 2 92 (s 
3H), 4.29 <m, 2H), 4.92 (m. 1H), 5.13 (AB, 2H). * 1 ' 



C. N-(iodoethoxyacetyl)phenylalanine benzyl ester 

A mixture of 0.25 g of the above mesylate and 0.23 g Nal in 20 mL acetone was refiuxed for 6 hours 
The reaction was poured into 100 mL hfeO and extracted 2 x 100 mL EtOAc. The combined extracts were 
washed with 50 mL brine, dried over MgS0 4 . filtered and concentrated. The crude material was chromatog- 
raphed (9:1 CH 2 CI 2 :MeOH) to afford 0.35 g pure iodide. NMR (300 MHz, CDCI 3 ) delta 3.96 (s 2H) 4 93 (m 
1H).5.11 (AB, 2H). 1 ' 



D. 2-(3-oxomorpholino)-3-phenylpropionic acid benzyl ester 

To a solution of 0.16 g of the above iodide in 3 mL THF at -78° was added 1.1 eq. KNTMS2 dropwise 
and the resulting solution was stirred for 5 hours at -78*. NH.CI (1 mL) was added slowly and the mixture 
was poured into 100 mL H 2 0. acidified and extracted 2 x 100 mL EtOAc. The combined extracts were 
washed with 20 mL brine, dried over MgSO*. filtered and concentrated. The residue was chromatographed 
(9:1 CH2Ch:MeOH) to afford 71 mg pure product. NMR (300 MHz. CDCb) delta 4 10 (AB 2H) 5 1S /ab 
2H). 5.27 (m. 1H). ' 



E. 2-(3-oxomorphoiino)-3-phenylpropionic acid 

The product of Example 98C (96 mg) was deprotected as described in Example 95 to afford 70 ma 
crude acid. NMR (300 MHz, DMSO-cfe) delta 3.92 (AB. 2H) t 5.04 (m. 1H). 



F. 2-(3-oxomorpholino)-3-phenylpropionylNIe benzyl ester 

The product of Example 98D (90 mg) was coupled to 98 mg NleO benzyl ester using the standard DEC 
reaction described in Example 58. The crude material was chromatographed (39:1 CH 2 CH 2 :MeOH) to afford 
127 mg pure product NMR (300 MHz. CDCb) delta 4.14 <s. 2H). 5.54 (m. 1H), 5.16 (m. 2H). 5.32 (m. 1H). 

Q. 2-(3-oxomorpholino)-3-phenylpropionylNle 

The product of Example 98E (127 mg) was deprotected as described in Example 95 to afford 114 mg 
crude acid which was used without further purification. NMR (300 MHz. DMSO-d 6 ) delta 4 12 (br 2H) 4 52 
(br, 1H). ' 



H. 2-(3-oxomorpholino)-3-phenylpropionylNlenor-C-Sta i-propyl ester 

The product of Example 98F (14 mg) was coupled to 92 mg HCI-nor-C-staOiPr using the DEC reaction 
(Example 58). The crude material was chromatographed (19:1 CH 2 C! 2 :MeOH) to afford 13 mg pure product 
NMR (300 MHz. CDCI3) delta 4.42 (m. 2H). 5.02 (m. 2H). 9 P P 



EXAMPLE 99 
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TO 



3-OxomorpholinocarbonylPheNlenor-C-Sta i-propyl ester (I. 2 = 3-oxomorpholincarbonylamino- Q = H- 
M = phenyl; Ffesn-butyl; X = cyclohexyl; W = CH|||OH; and 2' = C0 2 CH(CH 3 ) 2 ) 

A. 3-oxomorpholinocarbonyIPhe benzyl ester 

To a suspension of 79 mg pentane-washed NaH in. 5 mL THF was added a solution of 200 mo 3- 
ketomorpholine in 10 mL THF. The resulting mixture was stirred for 5 minutes at RT and then cooled to V 
t!^!i Tno f , T 9 Ph T 8 u OBn - isoc y ana -te in 15 mL THF was added dropwise and the resulting solution was 
stirred at 0 for 1 hour. The reaction mixture was poured into 100 mL H s O and extracted 2 x 100 mL EtOAc 
The combined extracts were washed with 20 mL 0.1 N HCI, 20 mL 0.1 N NaOH, dried over MgSO< filtered 
and concentrated. The crude material was chromatographed (4:1 EtOAc: CH^fe) to afford 132 mg pure 
product. NMR (300 MHz, CDCI3) delta 4.24 (s, 2H), 4.82 (m, 1 H), 5.1 8 (AB, 2H). 



75 B. 3-oxomorpholinocarbonylPhe 

The product of Example 9£ 
crude acid. NMR (300 MHz, DMSO-d 6 ) delta 4.22 (s. 2H), 4.51 (m,1H) 



.! h l:w r °K^«?L^f^ l ^??^ (0 : 64 . 9) wa !^Pr°tected as described on Example 95 to afford 0.44 g 



20 



C. 3-oxomorpholinocarbonylPheNle benzyl ester 



(Eya ^ P S U f " B l ° M 9) WaS COup,ed to °" 41 9 NleOBn ^ing the standard DEC reaction 

(Example 58) to afford 0.73 g crude material which as used without further purification. NMR (300 MHz 
25 CDCI3) delta 4.25 (m. 2H). 4.61 (m, 1H), 4.16 (m, 2H). * ' 

D. 3-oxomorpholinocarbonylPheNle 



30 



The product of Example 99C (0.72 g) was deprotected as described in Example 95 to afford 0 56 a 
crude material. NMR (300 MHz, DMSO-d 6 ) delta 4.19 (m, 2H), 4.65 (m. 2H). 9 

E. 3-oxomorpholinocarbonylPheNlenor-C-Sta i-propyl ester 

sm ° f t Exa " ,P ' e "u D (125 m9) W3S COUP ' ed t0 91 m 9 HCI-nor-C-StaOiPr using DEC (Example 

tfll , m W8S chrarnat 09raphed (19:1 CH*CH 2 :MeOH) to afford 73 mg product. NMR (300 

MHz. CDCb) delta 4.20 (m, 2H). 4.39 (m, 1H), 4.52 (m, 1 H), 5.01 (m. 1 H). 

EXAMPLE 100 

MethoxyethylaminocarbonylPheNlenor-C-Sta [propyl ester (I, Z = CHaOfCH^HCONH; M = phenyl- Q = H - 
X = cyclohexyl; Ra=n -butyl; W = CH|||OH; and 2i = C0 2 CH(CH 3 ) 2 

A. methoxyethylaminocarbonylPhe benzyl ester 

.thJl 8 Stirre, li f I ? ,Uti0 n 0f 020 9 PheOBn-isocyanate in 10 mL O-feCfe was added 59 mg O-Me- 
ethanolamine and the solufon was stirred for 1 hour. The reaction was diluted with 200 mL ether and was 
so washed with 20 mL 0.1N HCI and 20 mL 0.1N NaOH. The organic phase was dried over MoSO^S 

5?1 (m" 2H) t0 aff ° rd °" 20 9 Cmde Pr ° dUCt NMR (3 °° MH2< CDC,3) dete ^ < s ' 3H >' 4 80 



40 



45 



55 
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B. methoxyethylaminocarbonylPhe 

A mixture of 0.20 g of the above benzyl ester and 0.10 g 10% Pd on carbon in 50 mL MeOH was 
hydrogenated at 50 p.s.i. for 2 hours. The mixture was filtered through Celite and concentrated to afford 
5 0.19 g crude product. NMR (300 MHz, DMSO-de) delta 3.24 (s. 3H), 4.30 (m. 1H). 



C. methoxyethylaminocarbonylPheNle benzyl ester 

w , The above Phe derivative (0.19 g) was coupled to 0.14 g NleOBn using the standard DEC procedure 
(Example 58). This afforded 0.23 g crude material which was used without purification. NMR (300 MHz, 
CDCb) delta 3.26 (s, 3H), 4.52 (m, 2H), 5.10 (m, 2H). 



75 D. methoxyethylaminocarbonylPheNle 

A mixture of 0.23 g of the above compound and 0.12 g 10% Pd on carbon in 50 mL EtOH was 
hydrogenated at 50 p.s.i. for 2 hours. The mixture was filtered and concentrated to afford 0.16 g crude' 
product. NMR (300 MHz. DMSO-de) delta 3.21 (s. 3H), 4.10 (m, 1H). 4.41 (m f 1H). 

E. methoxyethylaminocarbonylPheNlenor-C-Sta i-propyl ester 

The above acid (0.17 g) was coupled to 0.13 g HCI-nor-OSta OiPr using the standard DEC reaction 
25 (Example 58). The crude material was chromatographed (19.1 CHsCbrMeOH) to afford 0.18 g pure product. 
NMR (300 MHz, CDCb) delta 3.28 (s, 3H). 4.32 (m, 1H>, 4.45 (m. 1H). 4.57 (m, 1H) ( 5.03 (m, 1H). 



EXAMPLE 101 

30 

HydroxyethylaminocarbonylPheNlenor-C-Sta i-propyl ester (I, Z = HCO(CH2) 2 NHCONH; M = phenyl; Q*H; 
R 2 = n-butyl; X = cyclohexy I; W = CH|||OH; and Z 1 = C02CH(CH 3 ) 2 

A. hydroxyethylaminocarbonylPhe benzyl ester 

35 

To a solution of 0.50 g PheOBn-isocyanate in 10 mL CH 2 CI 2 was added 0.12 g ethanolamine and the 
resulting solution was stirred 4 hours. The mixture was diluted with 200 mL EtOAc and was washed with 20 
mL 0.1 N HCI and 20 mL 0.1 N NaOH. The organic phase was dried over MgSO*, filtered and concentrated 
to afford 0.44 g crude product. NMR (300 MHz, CDCb) delta 4.79 (m ( 1H), 4.12 (m, 2H). 

40 

B. t-butyldimethylsilyloxyethylaminocarbonylPhe benzyl ester 

To a solution of 0.44 g of the above alcohol in 10m mL DMF was added 0.24 g t-butyidimethylsiiylch- 
45 loride and 0.22 g imidazole. After 18 hours, the solution was added to 150 mL H s O and was extracted 2 x 
150 mL EtOAc. The combined extracts were washed with 30 mL H 2 0. dried over MgSOa, filtered and 
concentrated. The residue was chromatographed (39:1 CHzCferMeOH) to afford 0.50 g pure product. NMR 
(300 MHz, CDCb) delta 0.89 (s. 9H), 4.98 (m. 1H), 5.13 (m, 2H). 

50 

C. t -butyldimethyisilyloxyethylaminocarbonylPhe 

A mixture of the above benzyl ester (0.18 g) and 0.99 g 10% Pd on carbon in 30 mL MeOH was 
hydrogenated at 50 p.s.i. for 3 hours. The mixture was filtered through Celite, and concentrated to afford 
55 0.13 g crude material. NMR (300 MHz, DMSO-de) delta 0.89 (s. 3H), 4.27 (m, 1H). 
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D. t -butyldimethylsilyloxye'thylaminocarbonylPheNle benzyl ester 

The above acid (0.13 g) was coupled to 96 mg NieOBn using the DEC procedure (Example 58) 
Chromatography (19:1 CH 2 CI 2 :MeOH) afforded 0.10 g pure product. NMR (300 MHz DMSO-d 6 ) delta 0 91 
5 (s, 9H). 4.50 (m. 2H), 4.72 (m, 1 H), 5.1 1 (s. 2H). - 

E. t-butyldimethylsilyloxyethylaminocarbonylPheNle 

70 The above product was deprotected by hydrogenation as described in Example 100, affording 78 mo 
crude material. NMR (300 MHz, DMSO-d s ) delta 0.88 (s, 9H), 4.00 (m, 1 H). 4.37 (m, 1 H). 

F. t-butyldimethylsilyloxyethylaminocarbonylPheNle nor-C-Sta i-propyl ester 

75 m 

The above acid (73 mg) was coupled to 45 mg HCI-nor-C-StaOiPr (DEC. Example 58) to afford 116 ma 
crude product. NMR (300, MHz, CDCfe) delta 0.86 (s, 9H), 4.38 (m, 1H), 4.45 (m, 1H), 5.02 (m, 1H). 

20 G. hydroxyethylaminocarbonylPheNlenor-C-Sta i-propyl ester 

The above material (116 mg) was deprotected by treatment with 1.5 eq. B114NF in 5 mL THF for 2 
hours. The solution was diluted with 200 mL EtOAc and was washed with 20 mL 0.1 N HCI and 20 mL 01N 

Na u"*!: *£? °!? aniC phaS8 W3S dried 0ver M9S ° 4 ' fi,tered and concentrated and the residue was chromatoq- 
ss raphed (9:1 CHaCfeMeOH) to afford 63 mg pure product. NMR (300 MHz, CDCb) delta 4 41 (m 1H) 4 50 



EXAMPLE 102 



MorpholinosulfonylPheNlenor-C-Sta i-propyl ester (I, 2 = morpholinosulfonylamino; M = pheny|- Q = H- R2=n- 
butyl;X = cyclohexyl;W = CH|||OH;and2i=CO !! CH(CH3)2) My1.un.M2n 

A. morpholinosulfonylPheNle benzyl ester 

35 

A solution of 0.29 g PheNleOBn. 0.40 g morpholinosulfonylchloride and 0.36 g TEA in 10 mL CH*Cb 
was refluxed for 16 hours. Additional measures of the latter two reagents were added and heating was 
contmued for 8 I J^Jhlfolution was diluted with 50 mL EtOAc and was washed with 25 mL 0.1N HCI 
and 25 mL 0 1N NaOH. The organic phase was dried over MgSO<, filtered and concentrated, and the 

m < 5nXt! 5 ^ 1 l Sj BOAC) to afford 036 9 pure product - NMR (30 ° MHz - CDCb > delte 

B. morpholinosulfonylPheNle 

45 

mu ™rL* b r!^ at ! erial (0 36 9) W8S de P rotected (Example 100) to afford 0.30 g crude product. NMR (300 
MHz. DMSO-de) delta 3.95 (m. 1H). 4.10 (m, 1H). w h iwin ^uu 

so C. morpholinosulfonylPheNlenor-C-Sta i-propyl ester 

C ox TJ? Pr ° dUCt ° f ^""P' 6 1026 < 0 29 9) was coupled to 0.12 g HCI-nor-C-StaOiPr using DEC (Example 

f \u^?? raP ,!l y (29:1 CH2Cla:Et0H ) afforded 0-29 9 Pure product. NMR (300 MHz. CDCI3) delta 402 
(m, 1H), 4.41 (m t 2H), 5.06 (m, 1H). 



EXAMPLE 103 
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MorpholinomethylphosphinicoPheNlenor-C-Sta i-propyl ester (I, Z = morpholinoPfOCHa) (O)amino- 
M = phenyl; Q = H; R 2 = n-butyl; X= cyclohexyl; W = CH|||OH; Z 1 = COsCHfCHzfc) 

A. morpholinomethylphosphinicoPheNle benzyl ester 

A solution of 0.30 g PheNleOBn, 0.30 g TEA and 0.44 g morpholinomethylphosphinic acid chloride in 
10 mL CH2CI2 was stirred for 60 hours. The solution was diluted with 50 mL EtOAc and was washed with 25 
mL 0.1 N HCI and 0.1 N NaOH. The organic phase was dried over MgSC-4. filtered and concentrated. The 
residue was chromatographed (19:1 CH 2 CI 2 :EtOH) to afford 0.18 g product as a mixture of isomers at 
, phosphorus. NMR {300 MHz, CDCI3) delta 3.57 (d. J = 1 0Hz, 3H). 4.50 (m. 1H). 5.09 (m. 2H). 

B. morpholinomethylphosphinicoPheNle 

The above material was deprotected as described in Example 100 to afford 0.10 g crude material NMR 
(300 MHz. DMSO-de) delta 3.26 (d. J = 10Hz, 3H), 3.96 (m, 1H). 

C. morpholinomethylphosphinicoPheNlenor-C-Sta i-propyl ester 

The product of Example 103B (0.10 g) was coupled to 58 mg HCI-nor-C-StaOIPr using the DEC 
procedure (Example 58). Chromatography (19:1 CH2CI 2 :EtOH) afford 28 mg pure material. NMR (300 MHz 
CDCI3) delta 3.61 (d. J = 1 1 Hz. 3H). 4.44 (m. 1 H). 4.43 (m. 1 H), 4.99 (m. 1 H). 

EXAMPLE 104 

ThiomorpholinocarbonylPheNlenor-C-Sta i-propyl ester (I, Z=thiomorpholinocarbonylamino; Q-H- 
M = phenyl; X = cyclohexyl: W = CH|||OH; Z' = C02CH(CH 3 ) 2 ) 

A. thiomorpholinocarbonylPhe benzyl ester 

To a solution of 1.0 g PheOBn-isocyanate in 10 mL CHaCb at 0 e was added 0.85 g thiomorpholine and 
the resulting solution was stirred at RT for 1.5 hours. The solution was diluted with 50 mL EtOAc and 
washed 2 x 25 mL 0.1 N HCI. The organic phase was dried over MgSO*. filtered and concentrated to afford 
1.26 g crude product which was used without further purification. NMR (300 MHz, CDCb) delta 4 83 fm 
2H), 5.15 (AB.2H). ' u > 

B. thiomorpholinocarbonylPhe 

A mixture of 1.26 g of the above material and 4.5 g K2C03 in 15 mL H2O and 70 mL MeOH was stirred 
at RT for 60 hours and then heated to reflux for 16 hours. The mixture was concentrated to an aqueous 
solution and was washed 2 x 50 mL ether. The aqueous phase was acidified and extracted 3 x 50 mL 
CHCI2. The combined exracts were dried over MgSOi, filtered and concentrated. NMR (300 MHz DMSO- 
d 6 ) delta 3.01 (m. 2H). 4.26 (m. 1H). 

C. thiomorpholinocarbonylPheNle benzyl ester 

The product of Example 01 4B (0.72 g) was coupled to 0.75 g NleOBn using the standard DEC reaction 
(Example 58) to afford 1.1 g crude product which was used without further purification. NMR (300 MHz 
CDCI3) delta 4.47 (m. 1 H). 4.58 (m. 1 H), 5.12 (m, 2H). 
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D. thiomorpholinocarbonylPheNle 

a « l h l „^ dUCt °' Example 1040 < 11 9> wa s deprotected as described for Example 104B above This 
5 ml 4.73 (m 1 9 hT" ^ WWCh ° arrieCl ° n ' (3 °° MH2> DMS °- d6 > delta 3 5 9 4H), 4.46 (m. 

E. thiomorpholinocarbonylPheNlenor-C-Sta i-propyl ester 

ro The product of Example 104D (0.70 g) was coupled to 0.05 g HCI-nor-C-StaOiPr using the DEC 
react.on (Example 58) and the crude material was chromatography (29:1 CHaCfe.-EtOH) to alrd I 0 65 To 
pure product. NMR (300 MHz, CDC. 3 ) delta 4.28 (m. 1H), 4.43 fm 1H). i.57 (m, 1H), 5 00 U%H) 

is EXAMPLE 105 

M? n ^ i- pr ° Pyl ester <'• 2 = thiomor P holinocarbonylaminosulfoxide- 

~ P hen y': 0 ■ H = R2 = n-butyl; X = cyclohexyl; W = CH|||OH; Z' = CO^CHak) osuirox.ae, 

20 »„h 8 SOiU l° n ° f V° 9 ° f th8 PradUCt ° f Examp,e 104E in 5 mL CH ^b ^ 0" was added 35 mo mCPBA 
and the resulting solufon was stirred for 15 minutes. The solution was diluted with 2 7mL E^Ac and 
washed 2 x 20 mL 10% N aa S0 3 and 20 mL 0.1N NaOH. The organic phase was dried over MgSa Wtered 
and concentrated and the residue was chromatographed (9-1 CH,CI,-Ptnm t« a fWH oo 9&U4 ' nM ? r8d 
NMR (300 MHz. CDCfe, de.«a 4.29 (m. 1H, 3.38 (m. (n^tS^rJ ^ ' 



EXAMPLE 106 



30 M^h^^ i - proPy ' 8Ster (l ' Z^^iomorpholinocarbonylaminosuHone; 

30 M - phenyl. Q - H; Ra = n-butyl; X = cyclohexyl; W = CH|||OH; and Z' = C0 2 CH(CH 3 ) 2 ) 

A. 1.1-dioxothiomorpholinocarbonylPhe benzyl ester 

« m Tu 3 ^"i! 0 " ° f 0 65 9 ° f the produCt of E«mpto 1 04A in 20 mL CH^Cfe at 0» was added 1 0 a mCPBA 

wShed 6 sTT^TZs^T ^ ^ SO,Uti ° n W8S * di,Uted ^hTo mtltiHc 9 ^ wat 

Zril JL ? ? ^° 3 - 7,16 ° r9an,C Phase was dried over M 9 so <- fi'te'-ed and concentrated The 
C^dT?^ Et0AC - H -> t0 ~" °- ^ « P^uct. NMR ( 3 r M T Hz e 



40 



B. 1 ,1-dioxothiomorpholinocarbonylPhe 



m^5°1l!- Cl h 0f EX " m '? 106A (0 47 9) W3S de P rotected « described in Example 100 to afford 0 30 a 
<. ^H^?5.1£ U,,ed without further purification. NMR (300 MHz, DMSO-ds) Setta 4 05 <m m)Zi 

C. 1,1-dioxothiomorpholinocarbonylPheNle benzyl ester 
so The product of Example 106B (0.30 g) was coupled to 0 29 a NleOBn ,«nn ^ 

55 
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D. 1 ,1 -dioxothiomorpholincarbonyiPheNle 

The product of Example 106C (0.46 g) was deprotected as described in Example 100 to afford 0.36 g 
crude acid which was used without further purification. NMR (300 MHz. DMSO-de) delta 3.97 (m, 1H), 4.32 
(m t 1H). *. 

E. 1,1-dioxothiomorpholinocarbonylPheNlenor-C-Sta i -propyl ester 

The product of Example 1t)6D (0.26 g) was coupled to 0.18 g HCI-Nor-C-StaOiPr using DEC (Example 
58) to afford 0.31 g pure product after purification by chromatography (19:1 CH 2 CI 2 :EtOH). NMR (300 MHz 
CDCb) delta 4.28 (m, 1H), 4.47 (m, 1H), 4.60 (m, 1H), 5.02 (m, 1H). 

15 EXAMPLE 107 

MorpholinocarbonylPheS-MeCysnor-C-Sta benzyl ester (I, 2=morpholinocarbonylamino; M = phenyl- Q = H* 
R2=CH 3 SCHr; X = cyclohexyl; W = CH|||OH; and 2 1 = CO2CH2C6H5) 

20 A. Bocnor-C-Sta benzyl ester 

Bocnor-C-Sta (0.10 g) was esterified with 0.11 g benzyl alcohol using the standard DEC reaction 
(Example 58) with 0.25 eq. DMAP. The crude material was chromatographed (39:1 CHsCI^MeOH) to afford 
0.10 g pure ester. NMR (300, MHz, CDCb) delta 1.39 (s. 9H), 4.10 (s, 1H) t 4.13 (s, 1H), 5.14 (AB 2H) 



25 



B. nor-C-Sta benzyl ester hydrochloride 

The product of Example 107A (0.10 g) was deprotected as described in Example 63 to afford 96 n&o 
30 crude salt which was used without further purification. NMR (300 MHz, DMSO-de) delta 4.16 (m 1H\ 5t2 
(m, 2H). 



35 



40 



C. morpholinocarbonylPheS-MeCysnor-C-Sta benzyl ester 

The product of Example 107B (0.12 g) was coupled to 84 mg HCi-nor-C-StaOBn using the standard 
DEC reaction (Example 58). The crude material was chromatographed (19:1 CHjtCI^MeOH) to afford 92 mg 
pure product. NMR (300 MHz. CDCI 2 ) delta 2.08 (s, 3H), 4.40 (m, 3H), 5.14 (AB, 2H). 

EXAMPLE 108 

MorpholinocarbonylPheS-MeCysnor-C-Sta cyclohexylmethyl ester (I, 2 = morpholinocarbonylamino* 
M = phenyl; Q = H; R 2 = CH 3 SCH2-; X = cyclohexyl; W = CH|||OH; and 2 1 = C0 2 CH 2 CeHii) 

A. Bocnor-C-Sta cyclohexylmethyl ester 

Bocnor-C-Sta (70 mg) was esterified with 80 mg cyclohexylmethanol as described in Example 107 to 
afford 40 mg pure material after chromatography (39:1 CH 2 CI 2 :MeOH). NMR (300 MHz, CDCb) delta 1 35 <s 
50 9H), 3.39 (d, J = 6Hz, 1H), 4.08 (m, 1 H). ' 

B. nor-C-Sta cyclohexylmethyl ester hydrochloride 

55 The product of Example 108A (40 mg) was deprotected as described in Example 63 to afford 37 mo 
crude salt. NMR (300 MHz, DMSO-de) delta 3.53 (s, 1H), 4.10 (m ( 1H). 



45 
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C. morpholinocarbonylPheS-MeCysnor-C-Sta cyclohexylmethyl ester 

MorpholinocarbonylPheS-MeCys (42 mg) was coupled to 34 mg of the product of Example 108B using 

So^ts ~ (19:1 CH2C,z:MeOH) afforded 50 mg ™- = 



EXAMPLE 109 



W j- propyl eBtor 2 = morpholinocarbonyloxy : 

~ phen y ,: Q - H = R* - "-butyl; X = cyclohexyl; W = CH|||OH; and Z' = COzCHfCH^) 

A. 2-(morpholinocarbonyloxy)-3-phenylpropionic acid methyl ester 

15 ui T ° 8 S °! Uti0n ° f °- 74 9 methyl Pneny'lactate in 10 mL CHaCb was added 0.60 g morpholinecarbonvl 
chlor.de and 11 g DMAP. and the renting solution was stirred at RT overnight An addi^al T 60 a 
Too'mL To*:?* Chl °: de t W r 0 ***** * M <V ~ continued for 2 days. The" ^IZ^rlZto 

Ha e^d 2f ^ n?M mTu^, 2 * 100 mL Et0Aa C ° mbined SXtractS w9re wash * d «ith 20 mL 01N 
L . ™ ° NaOH ' and were dried over M 9 S0 <- fil *ered and concentrated to afford 1 24 a cmde 
20 product. NMR (300 MHz, CDCb) delta 3.75 (a. 3H), 5.19 (m, 1 H). 9 



25 



30 



B. 2-(morpholinocarbonyloxy)-3-phenylpropionic acid 

The product of Example 109A (1.2 g) was deprotected as described in Example 55 to afford 1 1 „ 
crude acid. NMR (300 MHz. DMSO-ds) delta 4.22 (m. 1H). - swmpie 55 to afford 1.1 g 

C. 2-(morpholinocarbonyloxy)-3-phenylpropionylNle benzyl ester 
The product of Example 109B (0.12 g) was coupled to 0.12 g NleOBn using DEC as described in 

srsrsjs srsr^ ? H r e product wwch ~ - ™ 

35 

D. 2-(morpholinocarbonyloxy>;3-phenylpropionylNle 

The product of Example 109C (0.20 g) was deprotected as described in Example 100 to afford 0 1B „ 
^ crude ac.d wh.ch was carried on. NMR (300 MHz, P MSO-d 6 ) delta 4.15 (m. 1H), 5 09 (m' I H^ 9 

E. 2-(morphoiinocarbonyloxy)-3-phenylpropionylNle nor-C-Sta i-propyl ester 

<s nrJ^r, Pr °H UCt °l 1090 ( ° 1 - 5 9) W3S COU P ,ed t0 011 9 HCL-nor-C-StaOiPr using the DEC 

Ed 01? deSCnbed j n ThS Cmde material was chromatographed cScbMeOm to 

afford 0.16 g pure product NMR (300 MHz. CDCb) delta 4.22 (m. 1H). 4.41V. 1H) 5.02 



so EXAMPLE 110 



55 
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O-Acetyl morpholinocarbonylPheS-MeCysnor-C-Sta i-propyl ester (I, 2 = morphoJinocarbonylamino; M = 
phenyl; Q = H; R 2 = CH 3 SCHr; W = CH|||OCOCH 3 ; X = cyclohexyl; and Z 1 = C02CH(CH 3 ) 2 ) 

To a solution of 0.10 g of the product of Example 17 in 1 mL pyridine was added 26 mg AC2O and the 
5 resulting solution was stirred at RT overnight. The solution was diluted with 100 mL EtOAc and was washed 
2 x 10 mL 0.1 N HCl and 2 x 10 mL 0.1 N NaOH. The organic phase was dried over MgSCk filtered and 
concentrated. The crude material was chromatographed (19:1 CH 2 Cb:MeOH) to afford 90 mg pure product. 
NMR (300 MHz. CDCI3) delta 2.16 (s t 6H), 4.37 (m ( 1H), 4.52 (m, 2H), 4.88 (d, J = 3Hz, 1H). 4.96 (m, 1H). 

10 

EXAMPLE 111 

MethylaminocarbonylPhenNlenor-C-Sta i-propyl ester (I, Z = CH 3 NHCONH; M = phenyl; Q = H; R 2 = n-butyl; 
X= cyclohexyl; W = CH|||OH; and Z 1 = c6 2 CH(CH 3 )2 

75 

A. methylaminocarbonylPhe benzyl ester 

To a solution of 0.30 g PheOBn-isocyanate in 20 mL CHsCfe was added 0.51 mL of a 2.3M MeNH 2 
solution in benzene and the resulting solution was stirred for 4 hours. The solution was diluted with 200 mL 
20 EtOAc, and was washed with 20 mL 0.1 N HCl and 20 mL 0.1 N NaOH. The organic phase was dried over 
MgSCk filtered and concentrated to afford 0.30 g crude product which was carried on. NMR (300 MHz 
CDCI3) delta 2.69 <d. J = 5Hz, 3H), 4.42 <m, 1 H). 4.83 (m, 2H). 



25 B. methylaminocarbonylPhe 

The product of Example 111 A (0.30 g) was deprotected as described in Example 100 to afford 0.23 g 
crude acid which was used without further purification. NMR (300 MHz. DMSOde) delta 2.62 (s 3H) 4 33 
(m, 1H). ' 

30 

C. methylaminocarbonylPheNIe benzyl ester 

The product of Example 111B (0.23 g) was coupled to NleOBn using the standard DEc reaction 
35 (Example 58) to afford 0.38 g crude material which was carried on without purification. NMR (300 MHz 
CDCI3) delta 2.51 (br, 3H). 4.29 (m, 1H), 4.46 (m, 1H), 5.14 (s, 2H). 



D. methylaminocarbonylPheNIe 

40 

The product of Example 111C (0.37 g) was deprotected as described in Example 100 to afford 0.29 g 
crude acid which was used without purification. NMR (300 MHz, DMSO-ds) delta 2.52 (d, J = 5Hz 2H) 4 17 ' 
(m, 1H), 4.46 (m, 1H). 

45 

E. methylaminocarbonylPheNlenor-C-Sta [-propyl ester 

The product of Example 111D (0.15 g) was coupled to 0.13 g HCI-nor-C-StaOiPr using the standard 
DEC reaction (Example 58) to afford 0.13 g crude product after chromatography (9:1 CH2CI 2 :MeOH). NMR 
so (300 MHz, CDCIa delta 2.77 (d, J =5Hz, 3H) t 4.34 (m, 2H) f 4.47 (m, 1H), 4.74 (m. 1 H), 5.01 (m. 1H). 



EXAMPLE 112 

55 MorpholinocarbonyiThalaS-MeCysnor-C-Sta i-propyl ester (I. Z = morpholinocarbonylamino; M = 2-thienyh 
Q = H; R 2 = CHsSCH^; X = cyclohexyl; W = CH|||OH; and Z 1 « CO^HfCHsh) 
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75 



A. morpholinocarbonylThala 

To a solution of 100 mg of 2-thienylalanine in 15 ml of dioxane:water (2:1. v:v) and adjusted to pH 11 
with sod.um hydrox.de was added 96 mg of morpholinosulfonyl chloride and the reaction mixture allowed to 
? t rI at A r ° 0m t tem P e / atu '- e - J he PH was again adjusted to 11 and 40 mg of additional sulfonyl 
nS iSf * d H t A * er * ,rrm 9 for **> hours aqueous solution was extracted with methylene chloride, the ' 
pH adjusted to about 2 and extracted with ethyl acetate. The organic phase was separated, washed with 
brine and dried (N a2 SO<). The solvent was removed to give 66 mg of the intermediate. 

B. morpholinocarbonylThalas-MeCysnor-C-Sta i-propyl ester 

Following the general procedure of Example 55. 100 mg of the product of 92B. 66 mg of the product of 
Exampte 112A, 48 mg of DCC. 32 mg of HBT and 20 mg of N-methylmorpholine gave 168 mg S cmde 

«m Tn* , ZT°fr^ " 9 ° n Si(i 03 98 ' gaVS 59 m£J of pure P roduct - NMR < 3 °0 MHz. CDCfe) delta 1 13 (m 
6H). 2.05 (s. 3H). 3.0-3.4 (4H. m), 3.5-3.65 (4H. m) and 6.85-7.15 (m. 3H). 1 



so 



25 



30 



35 



EXAMPLE 113 

O -T*™ruZru" P^^eCysnor-C-Sta i-propy. ester (I. Z = morpholinocarbonylamino; M = 1 -naphthyf 
Q - H, R 2 = CH3SCH2-; X = cyclohexyl; W = CH|||OH; and Z^ = C0 2 CH(CH 3 ) 2 ) apmnyi. 

A. morpholinocarbonylNphala 

Using the general procedure of Example 112A. 420 mg of morpholinosulfonylchloride 500 ma of 1- 
naphthylalanme. 3 ml 1 N sodium hydroxide and 200 mg sodium bicarbonate in 5 mT^lSStSfSLL 
water gave 120 mg of the desired intermediate. wanyaroturan 

B. morpholinocarbonylNphalas-MeCysnor-C-Sta i-propyl ester 

„ „,f T'oo'" 9 ^Ji SUal COUP " n9 P rocedure . 145 m 9 oi the product of Example 93B. 131 mg of the above 

253 ™ o, ?? C, h 55 H m0 ° f , HBT ^ 45 U ' ° f ^y'^^holine in 15 ml of methy.eneVhlride^ 

NMR loo T££^ZT?T^ Zf iCa 961 USin9 methan °' Chloroform. 83m£ 

NMR (300 Hz. CDCb) delta 1.2 (d. J = 5Hz. 6H). 2.01 (s. 3H). 3.05 (m. 2H). 3.41 (m. 2H) and 6.75-8.18 (7H. 



40 EXAMPLE 114 



45 



so 



R 2 - P CH 0l SCH^ 6Ster (l ' Z^^holinocarbonylamino; M = pheny|- 

R2-CH 3 SCH2-; Q = H; X = cyclohexyl; W = CH|||OH; and Zi=C0 2 CH 3 pnenyi, 

88 2 ma^Z^T al T'T'T^ 8 ' 135 m9 ° f S-MeCysnor-C-Sta methyl ester hydrochloride 
88.2 mg of mo rphol.nocarbonylPhe. 32.1 mg of N-methylmorpholine. 42.9 mg HBT and 65 4 mo of DCcTn 

f 9 9-V tTTTZZ?* 99Ve "T 1 Chramato 9-P hi "9 - — 0- using ch^oirneSno 

(99.1, v.y) gave 103 mg of pure product, identical to that prepared in Bcamole 58 NMR nnn rnr. 
delta 2.1 (s. 3H). 3.7 <s. 3H), 3.0-3.4 (m. 4H). 3.5^.84 <m, 4H) and 7J3 (s^Hy ' CDCb) 



EXAMPLE 115 



55 
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MorpholinocarbonylPheS-MeCysnor-C-Sta N-methyl amide (l t 2 = morpholinocarbonylamino- Q = H* 
M = phenyl; R2=CH 3 SCH2-; X = cyclohexyl; W = CH|||OH; and Z 1 = CONHCH 3 

The product of Example 114 (45 mg) dissolved in 10 ml of methanol was treated with methyl amine 
until saturated and the reaction mixture stored at room temperature overnight. The solvent was removed 
and the residue triturated with diethyl ether, 30 mg. The product was identical to that in Example 86 NMR 
(300 Hz. CDCb) delta 2.1 (s, 3H), 2.65 <3H, s). 2.85 <d, J = 5Hz, 2H) and 7.2 <s. 5H) 



70 EXAMPLE 116 



MorpholinocarbonylPheS-MeCysnor-C-Sta N-trifluoroethyl amide (I, 2 = morpholinocarbonylamino* 
M = phenyl; Q = H; R 2 = CH 3 SCH 2 = ; X = cyclohexyl; W = CH|||OH; 2^ = CONHCH2CF3) 

15 A. Bocnor-OSta N-trifluoroethylamide 

Employing the general coupling procedure. 33 mg of trifluoroethylamine by hydrochloride. 75.3 mg of 
Bocnor-C-Sta, 25 mg of N-methylmorphline, 33 mg HBT and 51.5 mg of DCC in 20 mL of methylene 
chloride gave 121 mg of the desired intermediate as a foam. 

20 

B. nor-C-Sta N-trifluoroethylamide hydrochloride 

The product of Example 116A was deblocked using HCI-dioxane (5 mL) at room temperature for 90 
25 minutes. Removal of the solvent gave 87 g of product 



C. BocS-MeCysnor-C-Sta N-trifluoroethylamide 

Using the general coupling procedure. 87 mg of the product of Example 116B, 58.8 mg of BocS- 
MeCys, 25.3 mg N-methylmorphline. 33.8 mg HBT and 51.5 mg of DCC in 20 mL of methylene chloride 
gave 146 mg of the desired intermediate. 



35 D. S-MeCysnor-C-Sta N-trifluoroethyl amide hydrochloride 

The product of Example 116C (146 mg) was deblocked using 5 mL of dioxane saturated with HCI for 90 
minutes at room temperature. Removal of the solvent gave 121 mg of product. 

40 

E. morpholinocarbonylPheS-MeCysnor-C-Sta N-trifluoroethyl amide 

Again, using the coupling procedure. 121 mg of the product Example 116D. 69.5 mg morpholinocar- 
bonylPhe. 25.3 mg N-methylmorpholine. 33.8 HBT and 51.5 mg DCC in 20 ml of methylene chloride gave 
45 123 mg of product. Chromatography on silica gel using chloroform-methanol (99:1; v:v) gave 57 mq of 
pure product. NMR (300 Hz, CDCI3) delta 3.1-3.5 (m. 4H), 3.5-3.8 (m, 4H) t and 7.3 (s. 5H). 



EXAMPLE 117 

50 

(2-Methoxycarbonylpyrrolid-1-yi)carbonylPheS.MeCysnor-C-Sta i-propyl ester (I. 2 = 1-(2-methoxycarbonyl- 
pyrrolidyUcarbonytamino; M = phenyl; Q = H; R 2 =CH 3 SCH2-; X = cyclohexyl; W=CH|l|OH; and 2^=C0CH- 
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20 



25 



30 



35 



A. (2-methoxycarbonylpyrrolid-1.yI)carbonylPhe benzyl ester - 

A solution of 66 mg of proline methyl ester hydrochloride in 10 mL of PHori *nn ™ . , * 
dusopropylethylamine was treated with 112 mg of linzylox^ ° f 
the reaction stirred overnight. Work-up yielded 153 .gSS^S" W * °° C «" 

B. (2-methoxycarbonylpyrrolid-1-yl)carboxylPhe 

of inllr e dS e Pr0CedUre ° f EX8mPle 18B ' ^ Pr ° dUCt ° f Exam *° "™ was debenzy.ated to give 170 mg 

C. (2-m e thoxycarbonypyrrolid-1-yl)carbonylPhe S-MeCysnor-C-Sta i-propyl ester 

crude product. oS^S^^S^J lE^T^E*! 10 ^ ° f ^ ^ 230 m ° of 



EXAMPLE 118 



N-Methyl-N-rnethoxycarbonylmethylaminocarbonylPheS-MeCvs nor-r <?t» ; 

Z = CH 3 OCOCH 2 N(CH 3 )CONH; M- phenyl- Q = H ■ ft ° clwrS i- v- ? k 1 " Pr ° Pyl 6Ster 

(CHafc) * ' R2 - CH 3SCHr; X=cyclohexyl; W=CH|||0H; Z^COjCH- 

A. N-{methoxycarbonylmethyl)-N-metr.ylaminocarbonylPhe benzyl ester 

bony^r^ "9 of N-rnet^orooar- 

overnight at room temperature. 4-Dimeto*Z™v^Z I ? ^ W3S 8Unred at °° C and then 
hours. Additional carbamyl ch loride ITo ma? w!s ^Si/ h J WM add6d a " d StirrinQ continued for 3 
solvent was removed and th Tresidue 0^1^^ , * rBd f ° r several *V- T"* 

ate. 105 mg. was isolated in fraSons 2^30 ^ ^ USm9 Chloro,orm - Th * Pwre intermedi- 



B. N-(methoxycarbonylmethyl)-N-methylaminocarbonylPhe 



55 



EXAMPLE 119 



N-Methyl-N-methoxycarbonylmethylaminocarbonylPheNlenor-r-qta : ™ w ^ ^ 

<CH,,CONH: u . Q = H; R,. „ 0utyl; x-'^SSJ wS^^T.&S^ 00 * 
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A. Nlenor-C-Sta hydrochloride 

Using the usual coupling procedure, BocNIe (78 mg), nor-C-Sta i -propyl ester hydrochloride, 69 mg 
DCC, 45 mg HBT and 37 ul of N-methylmorpholine in 10 mL of CH^k'gave 171 mg of product. 

The Boc was removed from the product by treatment with* 10 mL of dioxane saturated with HCI for 3 
hours. Workup gave 155 mg of the named product. 



10 



20 



B. N-methyl-N-methoxycarbonylmethyiaminocarbonylPheNlenor-C-Sta i-propyl ester 



Again, employing the usual coupling procedure. 101 mg of the product of Example 118B, 155 mg of the 
above product, 70 mg of DCC, 46 mg of HBT and 37 ul of N-methylmorpholine gave 209 of product which 
was purified by chromatographing on silica gel using 0.5-1% methanol in chloroform as the eluent 51 mg 
NMR (300 Hz, CDCI 3 ) delta 0.85 (t, J^5Hz, 3H), 1.12 (m, 6H), 2.77 (s, 3H), 3.09-3.19 (m, 2H) 3 62 (s 3H) 
15 and 7.1-7.29. 

MorphlinocarbonylPheNlenor-C-Sta N-2-methylbutyl amide (I, Z = morphoiinocarbonylamino; M = phenyl* 
Q * H; R 2 = n-butyl; X = cyclohexyl; W = CH|||OH; and Z 1 - CONHCH 2 CH(CH 3 )C2H 5 ) 



A. nor-C-Sta N-2-methylbutylamide hydrochloride 



Starting with 80.6 mg of Boc nor-C-Sta and 22.3 mg of 2-methylbutylamine and using the DCC coupling 
procedure of Example 64A followed by the deblocking procedure of Example 64B gave 87 mg of the 
25 named product. 



30 



35 



50 



B. morpholinocarbonylPheNlenor-C-Sta N-2-rnethyibutylamide 



MorpholinocarbonylPheNle (100 mg) was coupled to nor-C-Sta N-2-methylbutylamide using the DCC 
procedure of Example 55. The crude material was chromatographed on silica gel (99:1 CHCbrmethanol) and 
after 80 x 4 ml fractions (97.5:2.5) to give 80 mg of the desired product NMR (300 MHz, CDCfe) delta 0 8- 
1.5 (m, 8H). 2.5 (d, J = 5Hz, 2H), 3.0-3.4 (m, 4H), 3.4-3.84 (m. 4H) t 5.35 (d. J = 5Hz, 1H) and 7.3 (s, 5H) 



EXAMPLE 121 



MorpholinocarbonylPheS-MeCysnor-C-Sta N-2.2-dimethyi-3-dimethylaminopropyl amide (l t Z = mor- 
phoiinocarbonylamino; M = phenyl; Q=H; R 2 = CH3SCH2-; X = cyclohexyl; W = CH||IOH* and Z 1 = 
40 CONHCH 2 C(CH 3 )2CH2N(CH3)2) ' 

A. nor-C-Sta N-2 f 2-dimethyl-3-dimethylaminopropyl amide hydrochloride 

Starting with 50 mg of Boc nor-C-Sta and 22 mg of N,N,2,2-tetramethyl-1 ,3-propandiamine and using 
45 the DCC coupling procedure of Example 64A followed by the deblocking procedure of Example 64B gave 
98 mg of the desired intermediate. 



B. S-MeCysnor-C-Sta 2,2-dimethyI-3-dimethylaminopropyl amide hydrochloride 

Using 98 mg of the product of Example 121 A and 60 mg of Boc S-MeCys and following the DCC 
coupling procedure followed by the Boc deblocking procedure gave 120 mg of product. 



55 



77 



BNSDOCID: <EP 0266950A2_I_> 



0 266 950 

C. morpholinocarbonylPheS-MeCysnor-C-Sta 2.2-dimethyl-3-dirnethylaminopropyl amide 

The product of Example 121B (120 mg) and morpholinocarbonylPhe (66 mg) were coupled using the 
DCC procedure of Example 55 to give 116 mg. NMR (300 Hz, CDCfe + CH 3 OD) delta 0 81 (s 6Hl 1 15 Is 
s 6H), 2.0 (s, 3H), 3.1-3.4 (m, 4H), 3.4-3.64 (m, 4H) and 7.06-7.15 (m, 5H). " 

EXAMPLE 122 

to MorpholinocarbonylPheS-MeCysnor-C-Sta N-2-picolyl amide (I, Z=morpholinocarbonylamino; M = phenyl; 
Q = H;R 2 =CH 3 SCHr;X = cyclohexyl;W = CH|||OH;andZi = CONHCH 2 C5H4N) 

A. nor-C-Sta N-2-picolyl amide dihydrochloride 

fs Using the coupling procedure of Example 64A 60.2 mg of Boc nor-C-Sta and 21 6 mo of 2- 
ammomethylpyridine gave 108 mg of Bocnor-C-Sta N-2-picolyl amide, which was deblobked using the 
procedure of Example 64B to give 83 mg of the named intermediate. 



20 B. S-MeCysnor-C-Sta N-2-picolyl amide dihydrochloride 

Fv a mS%* e t CyS l4 loT 9) W3 f COUP ' ed With 83 m0 of the above product usin 9 *e DCC procedure of 
Example 55 to give 126 mg of product, which was deblocked with hydrogen chloride in dioxane to give 78 
mg of the named product. a 



25 



C. morpholinocarbonylPheS-MeCysnor-C-Sta N-2-picolyl amide 

™ aa SIT'? 8 ™ 9 ??• DCC . C ° UP ' in9 P rocedure of Sample 55- 7B mg of the product of Example 122B and 
3 o 44.9 mg of morpholinocarbonylPhe gave 113 mg of the product which was chromatography on silica del 

^t^TS^^^^!^ 38 ^ 6lUeni 22 m9 ' NMR (30 ° M H 2 , CDC.3) de"ta 2.05^ 
3H). 2.85 (J = 5Hz, 2H). 3.0-3.4 (m. 4H), 3.4-3.7 (m. 4H) and 7.0-7.9 (m, 9H). 

as EXAMPLE 123 

3-Hydroxyp y rid-2-ylcarbonylPh e S-MeCysnor-C-Sta i-propyl ester (I. 2 = 3-hydroxypyrid-2-ylcarbonylamino- 
M=phenyl; Q = H; R 2 =CH 3 SCHr; X cyclohexyl; W=CH|||OH; and Zi = CO z CH(CH 3 )2) caroony.am.no. 

that f^Vlnll 0 ? ? ^ Potion and purification of the product of Example 38B, except 
that 35 uL. 1.2 equivalent of tnethylamine was used to neutralize the amine hydrochloride 110 mo of the 

1H NMR. CDCb. 250 MHz. partial, delta ppm: 1.26 and 1.27 (d. 3H ea). 2.11 fs 3H1 2 60 and J> fw /hh 
1H ea). 3.26 (m. 3H). 4.09. 4.37. 4.45. 4.79 and 5.03 (m. 1H ea). 6.5. 6.81 anc fs.49 W UH ea) ^8.08 J£V"' 



40 



45 



EXAMPLE 124 



50 Mo^rpholinocarbonylPheN.enor-C-Sta cyclohexylmethyl ketone (I. Z = morpholinocarbonylamino; M = phenyl- 
Q - H; R 2 = n = butyl; X = cyclohexyl; W = CH|||OH; and Z' = -COCH 2 C 6 Hn) 

A. (Sh4-t-butoxycarbonylamino-3(R)-benzyloxy-1,5-dicyclohexyl-2-butanone 

55 0 14 T « ^i°' Uti0n °- c f ,ohex y |meth y |ma 9^sium bromide (from 0.78 mL cylcohexylmethyl bromide and 
0.14 g magnesium m 3 mL ether) was treated with 1.00 g 3<S)-t-butoxycarbonylamino-2-(R)-benz^ 
cyclohexylbutyrald^ 0 f Exampte 5A. U.S. 4.668.769) in 6 mL ether'at 5"C ove £j mSet 

After 25 minutes the mixture .was treated with aqueous ammonium chloride, extracted with ether and 



78 
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washed with 1N HCI. aqueous bicarbonate, dried, concentrated and purified on silica eluting with ethyl 
acetate/hexanes giving 278 mg of a mixture of the two alcohol isomers, TLC Rfs 0.48 and 0.41 in 1:3 ethyl 
acetate/hexanes. This product was dissolved in 5 mL 1:2 ether-acetone and treated at 0°C with 1 mL 
chromic acid solution (Org. Syn. Coll. Vol. V. p. 310). After 15 minutes the mixture was diluted with ether 
5 and washed with aqueous NaOH, dried and chromatographed on silica in ethyl acetate/hexanes giving 201 
mg of yellow oil, TLC Rf 0.59 in 1:3 ethyl acetate-hexanes. 



B. 4(S)-amino-3(R)-benzoyloxy-1 ,5-dicyclohexyl-2-butanone hydrochloride 

70 

The product of Example 124A (195 mg) was dissolved in 2 mL 4N HCI-dioxane and stirred at 25 °C for 
1 hour, concentrated, and dried, giving 165 mg of colorless powder. TLC Rf 0.56 in System C (spotted plate 
exposed to NHa prior to elution). 

75 

C. morpholinocarbonylPheNlenor-C-Sta cyclohexylmethyl ketone benzyl ester 

According to the general procedure for preparation of the product of Example 38B, except that 1.3 
equivalent triethylamine was used to neutralize the amine salt. 158 mg of the product of Example 124B and 
20 152 mg of the product of Example 7C gave after purification on silica in ethyl acetate-hexanes 228 mg of 
colorless foam. TLC Rf 0.29 in 2:1 System A. 



D. morpholinocarbonylPheNlenor-C-Sta cyclohexylmethyl ketone 

25 

The product of Example 124C (220 mg) was dissolved in 20 mL of 1:1 methanol-acetic acid and shaken 
with 250 mg 10% Pd/C for 22 hours at 25°C and 50 p.s.i. hydrogen, filtered through Supercel, con- 
centrated, coevaporated with added toluene and ether, and dried giving 179 mg of amber foam which was 
chromatographed on silica in ethyl acetate-hexanes giving 131 mg colorless powder. TLC Rf 0.44 in ethyl 
30 acetate. 

1H. NMR, CDCb, 250 MHz, partial, delta ppm: 0.87 (t. 3H). 2.40, 2.53. 3.05 and 3.12 (dd, 1H ea), 3.28 
(m), 3.62 (m, 4H), 4.07 (br, 1H). 4.15 (m, 1H). 4.52 (m. 2H), 5.00. 6.23 and 6.51 (d # 1H ea). 



35 EXAMPLE 125 

4-OxopiperidinocarbonylPheS-MeCysnor-C-Sta i-propyl ester ethylene ketal (I. Z=4-oxopiperidinocar- 
bonylamino ethylene ketal; M = phenyl; Q = H; R 2 = CH 3 SCH2-; X=cyclohexyl; W=CH|||OH; and Z 1 =C0 2 CH- 
(CH 3 ) 2 ) 

40 

According to the procedure for preparation and purification of the product of Example 50. 150 mg of the 
product of Example 39 and 32 uL of 4-piperidone ethylene ketal gave 60 mg of colorless powder, TLC Rf 
0.30 in ethyl acetate, HPLC 2.76 and 3.09 minutes (ca. 2:1) in 80/20 acetonitrile-water. The major 
component was separated by semipreparative reverse-phase HPLC on a 9.8 x 250 mm Zorbax C-8 column 
45 in 70/30 acetonitrile-water, 60 mg of the mixture giving 28 mg of the earlier-eluting compound. 

1H NMR. CDCb, 250 MHz, partial, delta ppm: 0.92 (m), 1.26 and 1.28 (d, 3H ea), 2.09 (s, 3H). 2.72, 
2.93. 3.08 and 3.29 (dd, 1H ea), 3.34 (m), 3.92 (s. 4H). 4.10 (br. 1H), 4.35-4.53 (m, 3H), 4.87 (d, 1H), 5.06 
(septet. 1H), 6.95 and 7.11 (d, 1H ea). 7.18-7.38 (m. aromatic). 

50 

EXAMPLE 126 

N-BocPtperid-4-ylcarbonylPheS-MeCysnor-C-Sta i-propyl ester (I, Z = N-Bocpiperid-4-ylcarbonyiamino; 
M = phenyl; Q = H; R 2 = CH 3 SCH2-; X = cyclohexyl; W-CH|||OH; Z 1 = C02CH(CH 3 ) 2 ) 

55 

Using the procedure for preparation and purification of the product of Example 38B. except that 1.3 
equivalent triethylamine was used to neutralize the amine hydrochloride, 230 mg of the product of Example 
39 and 97 mg of N-Boc-isonipecotic acid gave 241 mg of colorless powder, TLC Rf 0.49 in ethyl acetate. 

79 
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1H NMR, CDCfe. 250 MHz, partial, delta ppm: 1.28 (d, 6H), 1.46 (s, 9H). 2.14 (s 3H) 2 62 2 91 3 OS 

ZS 7 1 iV^! H ea) ' 2 - 7 , 0 ! m)l 3 - 39, 598 " 6 - 53 and 6 - 75 (d - 1H - ea) - 4 - 35 «* 445 - iHVaf 5 ;^ ep 3 ^ 

1H), 7.13-7.37 (m, aromatic). 
EXAMPLE 127 

b'peri^^ i. propy| ester (| z = pi P erid-4-ylcarbonylamino : M = phenyl; 

Q = H: R 2 = CH3SCH2-: X = cyclohexyl; W = CH|||OH; and = C0 2 CH(CH 3 ) 2 ) 

The product of Example 126 (175 mg) was dissolved in 4N HCI-dioxane for 30 minutes at 25"C 
concentrated and dried giving 157 g of pale yellow powder, TLC Rf 0.20 in System C (the spotted plate was' 
exposed to ammonia prior to elution). piaie was 

1H NMR. DMSO-d 6 . 250 MHz. partial, delta ppm: 1.28 and 1.29 (d, 3H ea). 2.09 (s, 3H) 4 00 4 21 and 
4.45 (m. 1 H ea). 4.86 (septet. 1 H). 5.36. 7.69. 8.1 5 and 8.30 (d, 1 H ea). 

EXAMPLE 128 

4-Oxopiperidinocarbonyl^Phe-S i-propyl ester (I. 2=4^xo P iperidinocarbon y iamino- 

= P hen y' : 0 = H ^ R *= CHsSCHsr; X = cyclohexyl; W = CH|||OH; and 21 = CO^HfCH,^ 

A. 4-oxopiperidinocarbonylPhe benzyl ester 

7A n 4 *. P ^ er i°? e hydrochloride < 819 m 9) w ^ dissolved in 15 mL dichtoromethane and treated at 0-C with 
740 uL tnethylam.ne and 1.50 g of the product of Example 7A (isocyanatoPheOBn). After 1.5 hours^e' 
mixture was d.ssolved I in ethyl acetate, washed with 1N HC. (3x). aqueous NaHCOa. brine, drived oZ 
■ of^M^^J^TJ" 10 mL h0t 2:1 acetate-hexanes. coded and fiftered removed 06 g 
1^ iTJ SyStem A - The m0th6r ,iqUOrS were Monographed on silica in 1:1 etoyf 

zsxs^jszsr of a c,ear oi1, tlc Rf 013 in system a - «•»- nmr ~ - - 

B. 4-oxopiperidinocarbonylPhe 

at 2l-C P a °nd U ^n^fT'H 128A (29 I "l 9 i WaS diSS ° IVed 15 mL 1:10 acetic ^.methano. and shaken 
at 25 C and 50 p.s... hydrogen w.th 150 mg 10% Pd/C for 30 minutes, filtered, concentrated and 
coevaporated with added toluene giving 227 mg colorless foam. TLC Rf 0.05 in ethyl a^tS 

C. 4-oxopipieridinocarbonylPhe S-MeCysnor-OSta i -propyl ester 

Using the procedure for preparation and purification of the product of Example 38B exceot that 
tnethylamme was used to neutralize the amine hydrochloride, 100 mg of S-MeCy S nor-c!ste , L P S el 
hyd^chlonde ' (Product of Examp.e 48D) and 73 mg of the product of Example To 
colorless solid. TLC Rf 0.29 in ethyl acetate. 9 

EXAMPLE 129 

^S^S!^^ S-MeCysnor-C-Sta i-propyl ester (I. 2 = HO^CH^CONH-; M = phenyl; Q = H 
R2-CH3SCH2: X= cyclohexyl; W= CH OH; and 2 1 = C0 2 CH(CH 3 ) 2 ) • 
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A. (CH 3 ) 3 C02C(CH 2 )4COPhe S-MeCysnor-C-Sta i-propyl ester 

Hexanedicarboxylic acid mono tert-butyl ester (0.10 g) was condensed with 0.10 g Phe S-MeCysnor-C- 
Sta i-propyl ester hydrochloride using DEC as described in Example 58. Chromatography on Si0 2 (1-19 
MeOH:CH 2 CI 2 ) afforded 95 mg pure product. NMR (300 MHz, CDCb) delta 1.41 (s, 9H), 4.38 (m 2H) 4 62 
<m, 1H), 5.01 (m, 1H). .••/.. 

B. carboxybutylcarbonylPhe S-MeCysnor-C-Sta i-propyl ester 

A solution of 90 mg of the above t-butyl ester in 2 mL trifluoroacetic acid and 2 mL CH^fe was stirred 
at room temperature for 1 hour. After standard acid-base workup, the crude material was purified by 
chromatography (9:1 CH 2 CI 2 :MeOH) to afford 52 mg pure product. NMR (300 MHz, CDCb) delta 2 08 <s 
3H). 4.40 (m,.2H). 4.73 (m. 1H). 4.97 (m, 1H). *' 

EXAMPLE 130 

AminopentylcarbonylPhe S-MeCysnor-C-Sta i-propyl ester (I, Z = H 2 N(CH 2 )5CONH-; M = phenyl- Q = H- 
R 2 = CH 3 SCH 2 ; X = cyclohexyl; W = CH|||OH; and V = CC^CH'CHsfc) 

A. BocaminopentylcarbonylPhe S-MeCysnor-C-Sta i-propyl ester 

N-Boc-6-aminohexanoic acid (59 mg) was coupled to Phe S-MeCysnor-C-Sta i-propylester hydrochlo- 
ride (133 mg) using the standard DEC reaction (Example 58) to afford 145 mg of crude product which was 
used without further purification. NMR (300 MHz, CDCb) delta 1.43 <s. 9H), 2.12 (s, 3H) 4 35 (m im 4 43 
(m, 1 H), 4.58 (m. 1 H). 4.62 (m, 1 H), 5.03 (m, 1 H). 

C. aminopentylcarbonylPhe S-MeCysnor-C-Sta i-propyl ester 

A solution of 140 mg of the product of Example 130A in 3 mL 4N HCI in dioxane was stirred for 45 
minutes and concentrated. Acid-base work-up afforded 100 mg pure product. NMR (300 MHz CDCb) delta 
2.07 (s. 3H), 4.36 (m. 2H). 4.64 (m, 1H). 4.98 (m. 1H). 

EXAMPLE 131 

MorpholinocarbonylPheAspnor-C-Sta i-propyl ester (I, 2 = morpholinocarbonylamino; M = phenyl- Q = H- 
R 2 = HO2CCH2; X = cyclohexyl; W = CH|||OH; and Z' = C0 2 CH(CH 3 ) 2 ) ' 

A. morpholinocarbonylPhe Asp benzyl ester 

Aspartic acid beta-benzyl ester (0.4 g) was treated with morpholinocarbonylPhe hydroxysuccinimide 
ester as described in Example 80 to afford 0.42 g crude material which was used without further 
purification. NMR (300 MHz, DMSO-ds) delta 4.34 (m. 1H). 4.61 (m, 1H) 5 10 (s 2H) 



B. morpholinocarbonylPhe Asp (O-benzyl ester)nor-C-Sta i-propyl ester 

The product of Example 131A (.29 g) was coupled to 0.12 g nor-C-Sta i-propyl ester using the standard 

^JH 8 ™if* amp e 6) t0 aff0rd °- 20 9 Crude material wnich was "sad without further purification. NMR 
(300MHz. CDCb) delta 4.39 (m, 2H). 4.65 (m, 1 H). 5.02 (m. 1 H), 5.09 (AB 2H) 
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C. morpholinocarbonylPhe Aspnor-C-Sta i-propyl ester 

hvdrlTnS 2 9 ° f T Crude T b8n2 y' ester and 0 4 9 10% Pd on carbon in 30 mL MeOH was 

hydrogenated at 45 p.s,. for 30 m.nuts. The mixture was filtered through Celite and concentrated The 

DMSOhTI STVTnl (23:1:1 CHCI * Me0H:A '°H> to afford 81 mg pure product. NMR (300 MHz - 
DMSO-ds) 4.17 (m, 1H). 4.28 (m. 1H), 4.44 (m, 1H), 4.84 (m, 1H). 

EXAMPLE 132 

10 

n ° = rp H h ^% b T' Phe , i J Snn0r ' C " Sta - PX ° P * 6Ster (l ' 2-morphollnocarbonylamlno: M = phenyl; Q = H- 
R 2 = H 2 NCOCH 2 ; X = cyclohexyl; W = CH|||OH; and Z' = C02CH(CH 3 ) 2 ) 

A. morpholinocarbonylPheAsn 

rs 

bJIST™'™' 0 ' 5 9 2 "™ " 9a " d 10 0 m °^°»°°^*o"ylP"e "ydroxy euccMmkte as describe in 

STSo* X'S?JS?S D *?iT U8ed " imout *" th8r pu "" ca, " ,n - NMR 000 MH * "•^ 

20 

B. morpholinocarbonylPhe Asnnor-C-Sta i-propyl ester 

The above product (0.18 g) was coupled to 0.10 g nor-C-Sta i-propyl ester usino the standard dfp 

Mu Ct '°^ EXamp,e 76) t0 aff ° rd °- 17 9 P ure P roduct afte ' chromatography (9: cSmTohT NMR ™S 
2S MHz, CDCfe) delta 4.39 (m. 2H), 4.62 (m, 1H), 5.01 (m. 1H). wSMi-MeOH). NMR (300 

EXAMPLE 133 

30 ^Z P rSlZT^ nyiP ^ Wr ' 0 ' SXa [ - pr ° Pyl 6Ster (l ' 2 = morpholinocarbony.amino; M=pheny|- Q=H- 
R 2 = CH(CH 3 )2;X«= cyclohexyl; W= CH|||OH; and Zi = C02CH(CH 3 )2) V ' 

A. morpholinocarbonylPheVal 
35 Valine (0.40 g) was treated with 0.60 g morpholinocarbonylPhe hydroxysuccinimide ester as describe 

-#o B. morpholinocarbonylPheValnor-C-Sta n-propyl ester 

reacISn SSiT^? 17 9 2 to ai0 -> ester usi "9 the standard DEC 

reaction (Example 76). The crude material was chromatographed (24:1 CH 2 CI 2 :MeOH) to afford 0 « n n,7r« 

- K^Tiff" MH2 ' CDC,3) de,ta 077 (d ' J=6HZ - 3H)i °- 84 (d - J=7H2 - « *! 

EXAMPLE 134 

so IsovalerylPhe Nlenor-C-Sta i-propyl ester (I, Z-<CH*CHCH2CONH; M~ phenyl; Q-H- R 2 =n-butvl- 
X - cyclohexyl; W= CH|||OH; and Z' = COsCHfCHi)*) n butyl. 

Employing the aforementioned coupling procedure of Example 5B. 107 mg of isovalerylPhe NIe 72 mo 

55 Ih^n f^ST^ ^ 68 m9 ° f HBT 3nd 57 m9 ° f DEC in 1 mL of C W* gave?after chromato^ 
IT S '° 2 USm9 1:1 ethyl acetate-hexanes as the eluent. 121 mg of the desired p odS nSrS) 

MHz CDCIa). delta 0.9 (m. 9H). 1.22 (d. 6H). 2.93-3.08 (m. 2H). 4.05 (m. 1H). 4i^ril^^JZ£ 
4.98 (septet. 1H). 6.09. 6.25. 6.52 (d. 1H ea) and 7.1-7.24 (m 5H) ( ' ^ 
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EXAMPLE 135 

MorpholinocarbonylhomoPheNlenor-C-Sta i-propyl ester (I, 2 = morpholinocarbonylamino; M = benzyl- R 2 =n- 
butyl; Q ■ H; X = cyclohexyl; 2 1 = C02CH(CH 3 ) 2 ; and W = CH|||OH) 

Using the DCC procedure of Example 55, 138 mg of morpholinocarbonylhomoPheNle, 95 mg of nor-C- 
Sta i-propyl ester hydrochloride. 70 mg of DCC. 46 mg of HBT and 38 ul of N-methyl morpholine gave, 
after chromatographing on Si0 2 using 1-2% methanol in chloroform, 62 mg of the desired product NMR 
(300 MHz, CDCfe) delta 1 2. (d. 5H), 3.2 (m. 2H), 3.5 (m. 2H) and 7.2 (s, 5H). 



Claims 

1 . A compound of the formulae 

1S 



20 





40 

(ID 

and a pharmaceutical^ acceptable salt thereof, wherein 2 is RWY) m -(A) p . where R, is (C-GOalkyl. amino. 
(d-C4)alkoxy, (Ci-C4)alkylamino. (Ci-CaJalkoxyfCrC^alkyleneamino. carboxyfCi-UJalkyl. hydroxy^d)- 

45 alkyleneamino. (Ci-C 3 )alkoxyCOCH 2 N(CH3), amino(Ci-C5)alkyl, morpholino, piperidyl. hydroxypiperidino 4- 
oxopiperidino, piperazino, 4-oxopiperidino ethylene ketal 4-(CrC 3 )alkylpiperazino. thiomorpholino, thiomor- 
pholino 1 -oxide. thiomorpholino 1,1 -dioxide, N-(Ci-C4)alkoxycarbonylpiperidyl. 4-(Ci-C4>- 
alkoxycarbonylpiperazino. 3-oxomorpholino. 3,5-dioxomorpholino. hydroxypyridyl. pyridyl. (s)-pyrrolid-2-yl 
N-t-butoxycarbonyHs)-pyrrolid-2-yl. (Ci-C 3 )alkoxycarbonyl-(s)-pyrrolid-2-yl or 4-<Ci-C4)alkanoylpiperazino- Y 

so is C = 0. P(OCH3) = 0 or SO* A is N(CH 3 ). NH or O; m and fi are each integers of 0 or 1; M is phenyl, 
benzyl, naphthyl. thienyl, methoxyphenyl. hydroxyphenyl. chlorophenyl or (Ce-Crjcycloalkyl; Q is methyl or 
hydrogen; R 2 is (CrQfelkyl, (Ci-C 3 )alkylthio(Ci-C 2 )alkyl, (C-C 3 )alkoxy(Ci-C 2 )alkyl. benzyloxy(C,-C2)alkyl. ben- 
zyl, hydroxy(Ci-C 2 )alkyl, carboxy(Ci-C 2 )alkyl, guanido(C-C 3 )alkyl, (Ci-C 3 )alkylsulfinyl(Ci-C 2 )alkyl, (C1-G3)- 
alkylsulfonyl(Ci-C 2 )alkyl, 4-benzyloxycarbonylaminobutyl. 4-aminobutyl, imidazol-4-ylmethyl. N-t - 

ss butoxycarbonylimidazol-4-ylmethyl or carbamyl(Ci-C 2 )alkyl; X is cyclohexyl. i-propyl or phenyl; W is (CrC 3 )- 
alkyldi{Ci-C 2 )alkyl amino, CH|||OCO(Ci-&)alkylpiperidino. CH|||OH. C = 0. CH|||N 3 CH ^N 3 
CH — «NH 2l CH|||NH 2 , C(CH 3 )|||OH, CfCHa) -^OH. CH|||OCO(Ci-C 2 )alkyl or CH|||Ocb(C,-C 2 )alkylene 
CCfcH; Z' is CHzOH or R-S-T where R is C = 0, S is 0. NH. NfChfe). CH 2 or a chemical bond linking R and T 
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T is (C,-C 5 )alkyl. hydroxy <Ci-C<)alky I, CONH-(Ci-C 4 )alkyl, hydrogen, trifluoroethyl, (C<rC 7 )cycloalkyl (Ce-O)- 
cycloalkylmethyl. phenyl, benzyl, amino(CrC 5 )a!kyl, 0-(Ci-C 2 )alkyl hydroxyiamino, morpholino 4-(d-C 2 )- 
alkylpiperazino or omega-difCrC^alkylaminofCrCsJalkyl; L is CH or N; R s is imidazoM-ylmethyl* or <a~C 5 )- 
alky I; and R s is (d-C^alkoxy or <Ci-Oi)alkylamino with the proviso that when misO pis 0" when A is 0 Y 
is C = 0; when T is CONH-(Ci-C<)alkyl. S is NH, N(CH 3 ) or CH 2 ; and when T iMCa-Crfalkylamino 0-<Ci-C 2 )- 
alkyl hydroxyiamino, morpholino or 4-<Ci-C 2 )alkylpiperazino, S is CH2 or a chemical bond linking R and T 

compound of claim 1, formula I, wherein Y is C = 0, A is NH, Q is hydrogen, X is cyclohexyl, W is 
CH|||OH, R is C = O. T is benzyl or (Ci-C 5 )alkyl and m and £ are each 1. 

3. The compound of claim 2, wherein R1 is morpholino, M is 2-thienyl, R 2 is CHaSCH^ S is O and T is 
i-propyl. 

4. The compound of claim 2, wherein R1 is morpholino. M is phenyl, R 2 is n-propyl, S is O and T is i- 
propyl. " "~ 

5. The compound of claim 2. wherein R1 is morpholino, M is phenyl, R 2 is CHsSCHir, S is O and T is i- 
propyl. 

6. The compound of claim 2, wherein R1 is morpholino, M is phenyl, R 2 is n^butyl, S is O and T is 
methyl. ~~ 

7. The compound of claim 2, wherein R1 is morpholino, M is phenyl, R 2 is n-butyl. S is NH and T is 
methyl. — 

8. The compound of claim 2, wherein R, is morpholino, M is phenyl, R 2 is n-butyl. S is a chemical bond 
linking R and T and T is CH 2 CH(CH 3 )2. ~ 

9. The compound of claim 2, wherein R, is 2-pyrrolidyl, M is phenyl. R 2 is CHaSCHr, S is O and T is i- 
propyl. - 

10. The compound of claim 2, wherein R, is 4-pyridyl, M is phenyl, R 2 is CrfeSChfe-, S is O and T is i- 
propyi. 

11. The compound of claim 2, wherein Ri is piperazino, M is phenyl, R 2 is CHaSCI-fe-, S is O and T is i- 
propyl. ■ - . 

„ I 2 ,: T. he c ° m P° und <* claim 2 - wherein R, is morpholino. M is phenyl, R 2 is ChfeSCrV, S is a chemical 
bond linking R and T and T is -CH 2 CH(CH 3 ) 2 . 

13. The compound of claim 2, wherein Ri is 4-hydroxypiperidino. M is phenyl, R 2 is CHsSCHa- S is O " 
and T is i-propyl. 

14. The compound of claim 2, wherein R, is morpholino, M is phenyl, R 2 is HOCH?, S is O and T is i- 

propyl. - 

is i p^opy] 16 COmP ° Und ° f ° laim 2 ' wherein Rl is morpholino, M is phenyl, R 2 is CHzOfCHsk)-, S is O and T 

16. The compound of claim 2. wherein R, is morpholino, M is phenyl, R 2 is CHsSOfe-, S is O and T is 

benzyl. 

17. The compound of claim 2. wherein R, is morpholino, M is 4-hydroxyphenyl, R 2 is CHsSCHfe- S is O 
and T is i-propyl. ' 

18. The compound of claim 2. wherein Ri is morpholino. M is 4-methoxyphenyl. R, is n-butyl S is O 
and T is methyl. — ' 

i-propyl ^ C ° mp0Und ° f C ' aim *' wherein Rl is morpholino, M is phenyl. R 2 is methyl, S is O and T is 
20. The compound of claim 2, wherein Ri is morpholino. M is phenyl. R 2 is n-butyl. S is O and T is i- 

piupyi. 

propyl 1116 COmp ° Und ° f Cla ' m Z ' wherein Rl is morpholino, M is phenyl. Ra is n-butyl, S is O and T is i- 

22. The compound of claim 2, wherein R, is morpholino, M is phenyl, R 2 is ChfeOCHz-, S is O and T is i- 

23. The compound of claim 2, wherein R, is morpholino, M is phenyl. R, is CHsCI-feOCHfe.. S is O and T 

is i-propyl. 

(Ci-Salkyl3R U ?s d C f =o aim ^ f ° rmU ' a Where ' n M * Phe " yl ' S iS * Chemical bond ,inkin 9 R and T - T '* 

25. A method of treating hypertension in a mammal which comprises administering to said mammal an 
antihypertensive effective amount of a compound according to claim 1. 

26. A pharmaceutical composition comprising an antihypertensive effective amount of a compound 
according to claim 1 and a pharmaceutical^ acceptable diluent or carrier. 
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Claims for the following contracting States: GR t ES 

1 . A process for preparing a compound of the formulae 
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wherein Z is Ri-(Y) m -(A) p , where Ri is (CrC 6 )alkyl, amino. (Ci-C<)alkoxy, (Ci-C4)alkylamino. (Ci-C3)alkoxy(Cr 
C4)alkyleneamino, carboxy(Ci-C4)alkyl, hydroxy(CrC < )alkyleneamino, (Ci-C3)alkoxyCOCH 2 N(CH 3 ), amino(Ci- 
Csjalkyl. morpholino, piperidyl, hydroxypiperidino. 4-oxopiperidino. piperazino, 4-oxopiperidino ethylene 
ketal 4-(Ci-C 3 )alkylpiperazino, thiomorpholino. thiomorpholino 1 -oxide, thiomorpholino 1.1 -dioxide. N-(CVC4>- 
alkoxycarbonylpiperidyl. 4-(C,-C4)alkoxycarbonylpiperazino. 3-oxomorpholino, 3.5-dioxomorpholino. hydrox- 
ypyndyl, pyridyl. (s)-pyrrolid-2-yl. N-t-butoxycarbonyl-<s)-pyrrolid-2-yl. (C,-C3)alkoxycarbonyl-(s)-pyrrolid-2-yl 
or 4-<CrC<)alkanoylpiperazino; Y is C = O t P(OCH 3 ) = 0 or S0 2 ; A is NfChfe), NH or O; m and p are each 
integers of 0 or 1; M is phenyl, benzyl, naphthyl. thienyl, methoxyphenyl, hydroxyphenyl. chlorophenyl or 
(C<rC7)cycloalkyl; Q is methyl or hydrogen: R 2 is (C-QOalkyl. (CrC 3 )alkylthio(Ci-C2)alkyl. (Ci-C 3 )alkoxy(d- 
C 2 )alkyl, benzyloxy(CrC 2 )alkyl. benzyl. hydroxy(Ci-C 2 )alkyl. carboxy(Ci-C 2 )alkyl. guanido(d-C 3 )alkyl (C1-C3)- 
alkylsulfinyKC^^alkyl, (Ci-C 3 )alkylsulfonyl(Ci-C 2 )alkyl. 4-benzyloxycarbonylaminobutyl. 4-aminobutyl 
imidazol-4-ylmethyl. N-t -butoxycarbonylimidazol-4-ylmethyl or carbamyl(Ci-C 2 )alkyl; X is cyclohexyl i- 
propyl or phenyl; W is CH|||OCO (Ci-C 3 )alkyldi(CrC 2 )alkylamino. CH|||OCO(Ci-C 3 )alkylpiperidino. CHINOH 
™™!!! N3, CH N3 " CH -** NH * CH|NH2. C(CH 3 )|||OH. C(CH 3 ) -^OH. CH|||OCO(Ci-C 2 )alkyl or 
CH|||OCO(C 1 -C 2 )alkylene C0 2 H; Z' is CH20H or R-S-T where R is C = 0, S is O, NH N(CH 3 ) CH 2 or a 
chemical bond linking R and T; T is (CrCsJalkyl. hydroxy(Ci-C 4 )alkyl. CONH-(C,-C„)alkyl. ' hydrogen 
tnfluoroethyl, (Ce-C 7 )cycloalkyl, (C6-C 7 )cycloalkylmethyl, phenyl, benzyl. aminofCz-QiJalkyl. 0-(Ci-C 2 )alkyi . 
hydroxylamino. morpholino. 4-(Ci-C 2 )alkylpiperazino or omega-di(Ci-C 2 )alkylamino(C 3 -C 5 )alkyl; L is CH or N- 
R 5 is im.dazol-4-ylmethyl or (Cz-Csjalkyl; and Rs is (Ci-C4)alkoxy or (Ci-C4)alkylamino with the proviso that 
when m is 0. p_ is 0: when A Is O. Y is C = 0; when T is CONH-fCi-C*) alkyl. S is NH. N(CH 3 ) or CH* and 
when T is (CrCs) alkyiamino. 0-(Ci-C 2 )alkyl hydroxylamino. morpholino or 4-(C,-C 2 )alkylpiperazino S is CH 2 
or a chemical bond linking R and T, characterized by the formation of an amide bond. C(0)N by 
dehydrative-coupling wherein the functional groups not involved in the reaction may be blocked, followed by 
the optional steps of 1) selectively removing the blocking groups 2) oxidizing a sulfide group to sulfoxide or 
sulfone 3) oxidizing W wherein it is CH|||||OH or CH OH to C = 0 4) acylating W wherein it is CH||||||OH 
and, if desired, making a pharmaceutical^ acceptable salt of the product 

2. The process of claim 1. formula I, wherein the amide bond is formed between the fragments. 
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3. The process of claim 1, formula I, wherein the amide bond is formed between the fragments 



M 



/ 



0 
ll 



and 



II 



OH 



20 



4. The process of claim 1 . formula II, wherein the amide bond is formed between the fragments 




5. The process of claim 1, wherein the coupling reagent is 1 -hydroxybenzotriazole and dicyclohexylcar- 
bodiimide. 

35 6. The process of claim 1, wherein the coupling reagent is 1-hydroxybenzotriazole and 
dimethylaminopropy) ethyl carbodiimide. 

7. The process of claim i , wherein the optional step of oxidation of a sulfide group is carrried out with 
m-chloroperbenzoic acid. 

8. The process of claim 1 , wherein the optional step of oxidation of CH||||||OH or CH OHis carried 
4$ out with pyridum dichromate and acetic anhydride. 

9. The process of claim 1, wherein the optional step of acylation CH||||||OH is carried out with an acid 
and the coupling reagents of claim 5 or 6, or an acid halide and an organic tertiary amine. 
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presented in the incomprehensible form of claim 1 
with the unclear and conf usin^us%£o£ symbols 
(S being sulphur or a variable group) makes, that 
the present application does not meet the re- 
quirements of the articles 82,83 and 84 of the 
European Patent Convention (disclosure of the in- 
vention; the claims shall be clear and concise ). 

According to rule 45 of the European Patent Convention, 
DG1 refuses the full search for the claims 1,2 and 24. 
The search is restricted to the following subject 
(peptides described in the claims 3-23,26): 
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and pharmaceutical acceptable salts thereof, pharmaceutical 
compositions, containing them. 
Wherein ;M ,R 2 , A and T are defined: 



R, : Morpholino, 2-pyrrolidyl, 4-pyridyl, piperazino, 
4-hydroxypiperidino 



M: 
R 2 

A: 
T: 



Phenyl, 4-hydroxyphenyl , 4-methoxyphenyl 

n-propyl, CH 3 SCH 2 -, n-butyl, NOCH 2 -, CH 3 0( CH 2 ) 2 -methyl- 
CH 3 OCH 2 -, CH 3 CH 2 OCH 2 - 

-NH-, -0-, or a chemical bond 

benzyl or C 1 ~C 5 alkyl 
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